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ADDENDA  ET  CORRIGENDA 

VOL.   I 

p.  188.  Fenja  and  Atgir  have  been  proved  to  he  nothing  more  than  damaged 
examples  of  a  normal  Sea-anemone  [Hcucamj/oide^). 

p.  214.     Line  15  from  top, /or  **  Hormosira"  read  **  Hormiphora." 
p.  230.     The  statement  tnat  Land-snails  are  sometimes  the  second  host  of  the 
Liver  Fluke  is  based  on  error.     In  addition  to  Lymrutaf  however,  other  fresh- 
water genera,  certainly  Bulintm  {Fhyaa)  are  sometimes  the  second  hosts  of  this 
Trematode. 

p.  246.  Fig.  192:  »,  nervous  system;  r,  rostella ;  r.h,  sacs  of  rostella;  r.ir, 
sheaths  of  rostella.     (From  Leuckart  and  Nitsche's  Diagrams,  after  Pintner.) 

p.  247.  Fig.  195 :  (/f/,  vitelline  duct  ;  dut^  vitelline  glands ;  e,  excretory 
pore ;  it,  head  end ;  ody  oviduct ;  ov^  ovary  ;  p^  penis ;  r.«,  receptaculum 
seminis ;  ^  testes ;  vd^  vas  deferens ;  vsy  vesicula  seminalis ;  (i7.</.o,  female 
genital  opening. 

p.  247.     Fis.  196  :    eo,  excretory  opening ;    nto,  male  reproductive   opening ; 
n,  longitudinal   nerve;    n',  junction    of    longitudinal  nerves;   n.ry  nerve-ring; 
o  (in  front),  ovaries ;  o  (behind),  tube  leading  from  opening  of  vas  deferens  to 
male  aperture ;  o\   central  cavity  into  which  ova  pass  before  being  received 
into  the   uterus ;    p  (in   front),    proboscis ;    p  (behind),  papilla  on  which   vas 
deferens  opens ;  r.«,  receptaculum  seminis ;  r.^t.o,  opening   of   duct  leading  to 
receptaculum   seminis  ;   /<,   sucker  ;   ^  lobes  of  testes ;   t</,  uterus ;  v»^  vesicula 
seminalis  ;  ylr,  vitelline  glands, 
p.  267.     Fig.  213, /or  **  Rhabdoeoelida  "  rtad  **  Rhabdocoelida"! 
p.  337.     Line  19  from  top, /or  '*  is "  reail  "  in." 
p.  356  et  Htq.     Aiithenea  JtavtHCtna  should  be  AiUhenta  acuta, 
p.  367.     Last  line  of  page,  after  "anus"  iiMtrt  "and  is." 
p.  474.     Line  10  from  top, /or  "gonods"  recui  "gonads." 
p.  485.     Fig.  386,  line  4  under  cut, /or  "  Broun's"  rea<l  "  Bronn's." 
p.  520.     Line  19  from  top, /or  "poaomore"  read  "podomere." 
p.  533.     Fig.   419,  first  line  under  cut,  e^er  "  A,  the  entire  animal"  iiutert 
"  Jt.  carina  ;  c.  scutum  ;  t.  terKum." 
p.  546.     Fig.  434,  at  end  of  line  under  cut,  ftn-  "  3a,  larva "  read  "  4a,  larva." 

VOL.  n 

p.  118.     Line  3  from  bottom, /or  "(a.  /.  c.)"  read  "(a.  kU,  c.)." 
p.  131.     Fig.  762,  in  description  under  cut, /or  "  M.  c,"  read  "  «t.  p." 
p.  423.     Fig.  1019  :  The  stroke  from  cor  should  run  vertically  downwards, 
p.  429.     Fig.  1023 :  The  third  stroke  from  cun  is  an  error ;  it  points  to  the 
process  of  the  second  metatarsal. 


PREFACE 

In  spite  of  its  bulk,  the  present  work  is  strictly  adapted  to  the 
needs  of  the  beginner.  The  mode  of  treatment  of  the  subject  is 
such  that  no  previous  knowledge  of  Zoologj'  is  assumed,  and 
students  of  the  first  and  second  years  should  have  no  more 
difficulty  in  following  the  accounts  of  the  various  groups  than  is 
incidental  to  the  first  study  of  a  complex  and  unfamiliar  subject. 

There  can  be  little  doubt  that  the  study  of  Zoology  is  most 
profitably  as  well  as  most  pleasantly  begun  in  the  field  and  by  the 
sea-shore,  in  the  Zoological  Garden  and  the  Aquarium.  In  a 
very  real  sense  it  is  true  that  the  best  zoologist  is  he  who  knows 
the  most  animals,  and  there  can  certainly  be  no  better  foundation 
for  a  strict  and  scientific  study  of  the  subject  than  a  familiarity 
with  the  general  appearance  and  habits  of  the  common  members 
of  the  principal  animal  classes.  But  Zoology  as  a  branch  of 
academical  study  can  hardly  be  pursued  on  the  broad  lines  of 
general  natural  history,  and  must  be  content  to  lose  a  little  in 
breadth  of  view — at  least  in  its  earlier  stages — while  insisting  upon 
accurate  observation,  comparison,  and  induction,  within  the  limited 
field  of  Laboi-atory  and  Museum  work. 

A  not  uncommon  method  of  expounding  the  science  of  Zoologj' 
is  to  begin  the  study  of  a  given  group  by  a  definition  the  very 
tenns  of  which  it  is  impossible  that  the  student  should  under- 
stand ;  then  to  take  a  general  survey  of  the  group,  illustrated  by 
casual  references  to  animals  and  to  structures  of  which  it  is  highly 
unlikely  he  has  ever  heard  ;  and,  finally,  to  descend  to  a  survey  of 
the  more  important  forms  included  in  the  group.  It  >\'ill  probably 
be  generally  agreed  that,  from  the  teacher  s  point  of  view,  this 
method  begins  at  the  wrong  end,  and  is  hardly  more  mtional  than 
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it  would  be  to  deliver  a  course  on  the  general  characteristics  of 
English  Literature,  suitably  illustrated  by  "  elegant  extracts,"  to  a 
class  of  students  who  had  never  read  a  single  English  poet  or 
essajdst. 

There  can  be  no  question  as  to  the  vast  improvement  eflfected  in 
zoological  teaching  by  the  practice  of  preceding  the  study  of  a 
given  group  as  a  whole  by  the  accurate  examination  of  a  suitable 
member  of  it.  With  the  clear  mental  image  of  a  particular  animal, 
in  the  totality  of  its  organisation,  the  comparison  of  the  parts  and 
organs  of  other  animals  of  like  build  becomes  a  profitable  study, 
and  the  danger  of  the  comparative  method — that  the  student  may 
learn  a  great  deal  of  the  systems  of  organs  in  a  group  without 
getting  a  clear  conception  of  a  single  animal  belonging  to  it — is 
much  diminished. 

The  method  of  "  types  "  has,  however,  its  own  dangers.  Students 
are,  in  their  way,  great  generalisers,  and,  unless  carefully  looked 
after,  are  quite  sure  to  take  the  type  for  the  class,  and  to  consider 
all  Arthropods  but  crayfishes  and  cockroaches,  and  all  Molluscs  but 
mussels  and  snails,  as  iion-t)T)ical.  For  this  reason  a  course  of 
Zoology  which  confines  itself  entirely  or  largely  to  "  types,"  or,  as 
we  prefer  to  call  them,^  examples,  is  certain  to  be  a  singularly 
narrow  and  barren  affair,  and  to  leave  the  student  with  the 
vaguest  and  most  erroneous  ideas  of  the  animal  kingdom  as  a 
whole.  This  is  especially  the  case  when  the  number  of  examples 
is  small,  each  of  the  Phyla  being  represented  by  only  one  or  two 
forms. 

In  our  opinion  every  group  which  cannot  readily  and  intelli- 
gibly be  described  in  terms  of  some  other  group  should  be 
represented,  in  an  elementary  course  of  Zoology,  by  an  example. 
We  have,  therefore,  in  the  majority  of  cases,  described,  in  some 
detail,  an  example  of  every  important  class,  and,  in  cases  where 
the  diversity  of  organisation  is  very  great — as  in  Crustacea  and 
Fishes — two  or  more  examples  are  taken.  The  student  is  thus 
furnished  with  a  brief  account  of  at  least  one  member — usually 
readily  accessible — of  all  the  principal  groups  of  animals. 

By  the  time  the  example  has  been  studied,  a  definition  of  the 
class  and  of  its  oixiers  will  convey  some  idea  to  the  mind,  and  will 

^  Following  a  suggestion  for  which  we  are  indebted  to  Dr.  Alexander  Hill, 
Master  of  Downing  College,  Cambridge. 
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serve  to  show  which  of  the  characters  abready  met  with  are  of 
distinctive  importance,  and  which  special  to  the  example  itself. 
In  order  to  bring  out  this  point  more  clearly,  to  furnish  a  connec- 
tion between  the  account  of  the  example  and  that  of  the  class  as  a 
whole,  and  to  give  some  idea  of  the  meaning  of  specific,  generic, 
and  £a,mily  characters,  we  have  introduced,  after  the  classification, 
a  paragraph  giving  the  systematic  position  of  the  example,  some- 
times in  more,  sometimes  in  less  detail. 

Following  the  table  of  classification  with  its  brief  definitions 
comes  the  general  account  of  the  group.  This  is  usually  treated 
according  to  the  comparative  method,  the  leading  modifications  of 
the  various  parts  and  organs  being  described  seriatim.  In  a  few 
cases  this  plan  has  been  abandoned  and  the  class  described  order 
by  order,  but  this  is  done  only  when  the  deviations  fix)m  the  type 
are  so  considerable  as  to  lead  us  to  think  the  comparative  method 
unsuitable  for  beginners.  On  the  other  hand,  when  all  the  classes 
of  the  phylum  present  a  very  uniform  type  of  structure,  the 
phylum  is  studied  comparatively  as  a  whole.  The  description  of 
each  group  usually  ends  with  some  account  of  its  ethology  and 
distribution,  and  with  a  discussion  of  its  affinities  and  of  the 
mutual  relationships  of  its  various  sub-divisiona 

We  have  done  our  best  to  make  the  space  devoted  to  each  group 
proportional  to  its  complexity  and  range  of  variation,  and  to 
subdue  the  natural  tendency  to  devote  most  attention  to  the  more 
recently  investigated  classes,  or  to  those  in  which  we  ourselves 
happen  to  be  especially  interested.  A  few  lesser  groups  have  been 
put  into  small  type,  partly  to  economise  space,  partly  because  they 
seem  to  us  to  be  of  minor  importance  to  the  beginner. 

Following  out  the  plan  of  deferring  the  discussion  of  general 
questions  until  the  facts  with  which  they  are  connected  have  been 
brought  forward,  we  have  placed  the  sections  on  Distribution,  on 
the  Philosophy  of  Zoology,  and  on  the  History  of  Zoology  at  the 
end  of  the  book.  We  have,  however,  placed  a  general  account 
of  the  structure  and  physiology  of  animals  immediately  after  the 
Introduction,  and  one  on  the  Craniate  Vertebrata  before  the 
description  of  the  classes  of  that  division,  but  it  will  be  obvious 
that  these  deviations  from  the  strictly  inductive  method  were 
inevitable  in  order  to  avoid  much  needless  repetition. 

After  a  good  deal  of  consideration  we  have  decided  to  omit  all 
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references  to  the  literature  of  the  subject  in  the  body  of  the  work. 
Anything  like  consistent  historical  treatment  would  be  out  of  place 
in  an  elementary  book ;  and  the  introduction  of  casual  references 
to  particular  discoveries,  while  they  might  interest  the  more 
advanced  reader  by  giving  a  kind  of  personal  colouring  to  the 
subject,  could  hardly  fail,  from  their  necessarily  limited  character,  to 
be  misleading  to  the  beginner,  and  to  increase  rather  than  diminish 
his  difficulties.  We  have,  therefore,  postponed  all  reference  to  the 
history  of  the  science  to  the  concluding  Section,  in  which  the  main 
lines  of  progress  are  set  forth,  and  have  given,  as  an  Appendix,  a 
guide  to  the  modem  literature  of  Zoology.  The  latter  is  intended 
merely  to  indicate  the  next  step  to  be  taken  by  the  student  who 
wishes  to  acquire  something  more  than  a  mere  text-book 
knowledge.^ 

The  various  Sections  have  been  written  by  the  authors  in  fairly 
equal  proportions,  but  the  work  of  each  has  been  carefully  read 
and  criticised  by  the  other,  and  no  disputed  point  has  been  allowed 
to  stand  without  thorough  discussion.  We  are,  therefore,  jointly 
and  severally  responsible  for  the  whole  work. 

A  very  large  proportion  of  the  figures  have  been  specially  drawn 
and  engraved  for  the  book.  Those  in  which  no  source  is  named 
are  from  our  own  drawings,  with  the  exception  of  Figs.  571,  572, 
1017,  1018,  1019,  1022,  1059,  1063,  and  1071,  for  which  we  are 
indebted  to  Mrs.  W.  A.  Haswell.  Figs.  1002  his,  1005  bis,  are  from 
photographs  kindly  taken  for  us  by  Mr.  A.  Hamilton.  Many  blocks 
have  been  borrowed  from  well-known  works,  to  the  authors  and 
publishers  of  which  we  beg  to  return  our  sincere  acknowledg- 
ments.    All  the  new  figures  have  been  drawn  by  Mr.  M.  P.  Parker. 

We  have  received  generous  assistance  fix)m  Professors  Arthur 
Dendy,  G.  B.  Howes,  Baldwin  Spencer,  and  J.  T.  Wilson,  and  from 

^  In  this  connection  we  cannot  resist  the  pleasure  of  quoting  two  passages, 
exactly  expressing  our  own  views,  from  the  preface  to  Dr.  Waller's  Human 
Physiology,  which  came  under  our  notice  after  the  above  paragraph  was  in  type  : — 
"  I  have  given  a  Bibliography  after  some  hesitation,  feeling  that  references  to 
original  papers  are  of  no  use  to  junior  students,  and  must  be  too  imperfect  to  be 
satisfactory  to  more  advanced  students.  .  .  .  Attention  has  been  paid  to 
recent  work,  but  I  have  felt  that  the  gradually -formeil  deposit  of  accepted  know- 
ledge must  be  of  greater  intrinsic  value  than  the  latest  *  discovery '  or  the  newest 
theory.  An  early  mental  diet  in  which  these  items  ai*e  predominant  is  an 
unwholesome  diet ;  their  function  in  elementary  instruction  is  that  of 
condiments,  valuable  only  in  conjunction  with  a  foundation  of  solid  food.'* 
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Mr.  J.  P.  Hill  and  Dr.  Arthur  Willey.  Professor  W.  N.  Parker 
has  very  kindly  read  the  whole  of  the  proof-sheets  and  favoured  us 
with  many  valuable  suggestions,  besides  acting  as  referee  in 
numerous  minor  difficulties  which  would  otherwise  have  cost  a 
delay  of  many  weeks. 

It  is  a  mere  truism  to  say  that  a  text-book  can  never  really 
reflect  the  existing  state  of  the  science  of  which  it  treats, 
but  must  necessarily  be  to  some 'extent  out  of  date  at  the  time 
of  publication.  In  the  present  instance,  the  revises  of  the  earlier 
pages,  giving  the  last  opportunity  for  any  but  minor  alterations, 
were  corrected  in  the  latter  part  of  1895,  and  the  sheets  passed 
for  press  in  the  middle  of  189G.  We  are,  therefore,  fully  alive  to 
the  fact  that  much  of  our  work  already  needs  a  thorough  revision, 
and  can  console  ourselves  only  by  reflecting  that  "  to  travel  hope- 
fully is  a  better  thing  than  to  arrive,  and  the  true  success  is  to 
labour." 

We  may  mention,  in  conclusion,  that,  whatever  may  be  the  merits 
or  demerits  of  the  book,  it  enjoys  the  distinction  of  being  unique 
in  one  respect.  The  two  authors  have  been  separated  from  one 
another,  during  the  greater  part  of  their  collaboration,  by  a 
distance  of  1200  miles,  and  the  manuscript,  proofs,  and  drawings 
have  had  to  traverse  half  the  circumference  of  the  globe  in  their 
journeys  between  the  authors  on  the  one  hand,  and  the  publfshers, 
printers,  artist,  and  engravers  on  the  other.  It  will,  therefore,  be 
readily  believed  that  all  persons  concerned  have  had  every  oppor- 
tunity, during  the  progress  of  the  work,  of  exercising  the  supreme 
virtue  of  patience. 
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ZOOLOGY 


INTRODUCTION 

Zoology,  the  branch  of  Natural  History  which  deals  with 
animals,  is  one  of  the  two  subdivisions  of  the  great  science  Biology, 
which  takes  cognisance  of  all  organisms,  or  things  having  life,  as 
distinguished  from  such  lifeless  natural  objects  as  rocks  and 
minerals.  The  second  of  the  two  subdivisions  of  Biology  is 
Botany,  which  deals  with  plants. 

The  subject-matter  of  Zoology,  then,  is  furnished  by  the  animals 
which  inhabit  the  land-surface,  the  air,  and  the  salt  and  fresh 
waters  of  the  globe :  the  aim  of  the  science  is  to  find  out  all  that 
can  be  known  of  these  animals,  their  structure,  their  habits,  their 
mutual  relationships,  their  origin. 

The  first  step  in  the  study  of  Zoologj'  is  the  recognition  of  the 
obvious  fact  that  the  innumerable  individual  animals  known  to 
us  may  be  grouped  into  what  are  called  species,  the  members  of 
which  resemble  one  another  so  closely  that  to  know  one  is  to  know 
all.  The  following  example  may  serve  to  give  the  reader  a  fairly 
accurate  notion  of  w^hat  Zoologists  understand  by  species,  and  of 
the  method  of  naming  species  which  has  been  in  use  since  the  time 
of  the  great  Swedish  naturalist  Linnaeus. 

The  Domestic  Cat,  the  European  Wild  Cat,  the  Ocelot,  the  Leopard, 
the  Tiger,  and  the  Lion  are  animals  which  agree  with  one  another  in 
the  general  features  of  their  organisation — in  the  number  and  form 
of  their  bones  and  teeth,  in  the  jx>ssession  of  retractile  claws,  and 
in  the  position  and  characters  of  their  internal  organs.  No  one 
can  foil  to  see  that  these  animals,  in  spite  of  differences  of  size, 
colour,  markings,  &c.,  are  all,  in  the  broad  sense  of  the  word, 
**  Cats."  This  is  expressed  in  the  language  of  systematic  Zoology 
by  saying  that  they  are  so  many  species  of  a  single  genus. 

According  to  the  system  oi  binomial  nomenclature  introduced  by 
Linnaeus,  each  kind  of  animal  receives  two  names — one  the  generic 
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name,  common  to  all  species  of  the  genus ;  the  other  the  specific 
navic,  peculiar  to  the  species  in  question.  Both  generic  and  specific 
names  are  Latin  in  form,  and  are  commonly  Latin  or  Greek  in 
origin,  although  friKjuently  modern  names  of  persons  or  places,  with 
Latinised  tenninations.  are  employed.  In  giving  the  name  of  an 
animal,  the  generic  name  is  always  placed  first,  and  is  written 
with  a  cajiital  letter,  the  Specific  name  following  it,  and  being 
written,  as  a  rule,  with  a  small  letter.  For  instance,  to  take  the 
examples  already  referred  to,  the  Domestic  Cat  is  called  Felit  > 
dome^ica,  the  European  Wild  Cat  F.  mliis,  the  Leopard  F.  pctrdtta, 
the  Tiger  F.  ligris,  the  Lion  F.  ho.  Thus  the  systematic  name  of  an 
animal  is  something  more  than  a  mere  appellation,  since  it  indicates 
the  affinity  of  the  species  with  other  members  of  the  same  genus : 
to  name  an  animal  is,  in  fact,  to  classify  it. 

It  is  a  matter  of  common  observation  that  no  two  individuals  of 
a  species  are  ever  exactly  alike :  two  tabby  Cats,  for  instance, 
however  they  may  resemble  one  another  in  the  general  characters 
of  their  colour  and  markings,  invariably  present  differences  in 
detail  by  which  they  can  be  readily  distinguished.  iTidividiied 
variations  of  this  kind  are  of  universal  oceuirence.  Moreover,  it 
often  happens  that  the  members  of  a  species  are  diinsible  into 
groups  distinguishable  by  fairly  constant  characters :  among 
Domestic  Cats,  for  instance,  we  find  white,  black,  tabby,  gray,  and 
tortoiseshell  Cats,  besides  the  large  long-haired  Persian  breed,  and 
the  tailless  Manx  Cat.  All  these  are  distinguished  as  vaHetks  of 
the  single  species  Felis  domestica. 

It  is  often  difficult  to  decide  whether  two  kinds  of  animals  should 
be  considered  as  distinct  species  or  as  varieties  of  a  single  species,  and 
no  umversal  rule  can  be  given  for  determining  this  point.  Among 
the  higher  animals  mutual  fertility  is  a  fan*  practical  test,  the 
varieties  of  a  species  usuall}'  breeding  freely  with  one  another  and 
producing  fertile  offspring,  while  distinct  species  either  do  not 
breed  together  or  pivxiuce  infertile  kyhrids  or  mules.  Compare, 
for  instance,  the  fertile  mongrels  produced  by  the  union  of  the 
various  breeds  of  Domestic  Dog  vrith  the  infertile  mule  produced  by 
the  union  of  the  Horse  and  Asa.  But  this  rule  is  not  without 
exception,  and  in  the  case  of  wild  animals  is,  more  often  than  not, 
impossible  of  application :  failing  it,  the  only  criterion  of  a  "  good 
species  "  is  usually  the  jtresence  of  constant  differences  from  allied 
species.  Suppose,  for  instance,  that  a  naturalist  receives  for 
description  a  number  of  skins  of  wild  Cats,  and  finds,  after  an 
accurate  examination,  that  in  some  specimens  the  tail  is  two-thirds 
the  length  of  the  body  and  the  skin  of  a  uniform  reddish  tint  with 
a  few  markings  on  the  head,  while  in  the  rest  the  tall  is  nearly  half 
as  long  as  the  body,  and  the  skin  tawny  with  black  stripes.  If 
there  are  no  intermediate  gradations  between  these  two  sets  of 
individuals,   they  will   be  placed  without  hesitation   in  distinct 
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species :  if,  on  the  other  hand,  there  is  a  complete  series  of  grada- 
tions between  them,  they  will  be  considered  to  form  a  single 
variable  species. 

As,  therefore,  animals  have  to  be  distinguished  from  one  another 
largely  by  structural  characters,  it  is  evident  that  the  foundations 
of  a  scientific  Zoology  must  be  laid  in  Morphology,  the  branch  of 
science  which  deals  with  form  and  structure.  Morphology  may  be 
said  to  begin  with  an  accurate  examination  of  the  external 
characters ;  the  divisions  of  the  body,  the  number  and  position  of 
the  limbs,  the  characters  of  the  skin,  the  position  and  relations  of 
the  mouth,  eyes,  ears,  and  other  important  structures.  Next  the 
internal  structure  has  to  be  studied,  the  precise  form,  position, 
&c.,  of  the  various  organs,  such  as  brain,  heart,  and  stomach  being 
made  out :  this  branch  of  morphology  is  distinguished  as  Anatomy. 
And,  lastly,  the  various  parts  must  be  examined  by  the  aid  of  the 
microscope,  and  their  minute  structure,  or  Histology,  accurately 
determined.  It  is  only  when  we  have  a  fairly  comprehensive 
knowledge  of  these  three  aspects  of  a  given  animal — itis  external 
characters,  its  rough  anatomy,  and  its  histology — that  we  can  with 
some  degree  of  safety  assign  it  to  its  proper  position  among  its 
fellows. 

An  accurate  knowledge  of  the  structure  of  an  animal  in  its 
adult  condition  is  not,  however,  all-sufficient.  Nothing  has  been 
made  more  abundantly  clear  by  the  researches  of  the  last  half- 
century  than  that  the  results  of  anatomy  and  histology  must  be 
checked,  and  if  necessary  corrected,  by  Embryology — i.e.  by  the 
study  of  the  changes  undergone  by  animals  in  their  develop- 
ment from  the  egg  to  the  adult  condition.  A  striking  instance  is 
afforded  by  the  common  Barnacles  which  grow  in  great  numbers  on 
ships*  bottoms,  piers,  &c.  The  older  zoologists,  such  as  Linnaeus, 
grouped  these  creatures,  along  with  Snails,  Mussels,  and  the  like, 
in  the  group  MoUusca,  and  even  the  great  anatomical  skill  of 
Cuvier  failed  to  show  their  true  position,  which  was  made  out  only 
when  Vaughan  Thompson,  about  fifty  years  ago,  proved,  from 
a  study  of  the  newly  hatched  young,  that  their  proper  place 
is  among  the  Crustacea,  in  company  with  Crabs,  Shrimps,  and 
Water-fleas. 

Given  a  sound  knowledge  of  the  anatomy,  histolog}',  and  em- 
bryology of  animals,  their  Classification  may  be  attempted — that 
is,  we  may  proceed  to  arrange  them  in  groups  and  sub-groups, 
each  capable  of  accurate  definition. 

The  general  method  of  classification  employed  by  zoologists  is 
that  introduced  by  Linnaeus,  and  may  be  illustrated  by  reference 
to  the  group  of  Cats  which  we  have  already  used  in  the  explanation 
of  the  terms  genus,  species,  and  variety. 

We  have  seen  that  the  various  kinds  of  tnie  Cat — Domestic  Cat, 
Lion,  Tiger,  &c. — together  constitute  the  genus  Felts.     Now  there 
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IS  one  member  of  the  cat-tribe,  the  Cheetah,  or  Hunting  Leopard, 
which  differs  from  all  its  allies  in  having  imperfectly  retractile 
claws  and  certain  peculiarities  in  its  teeth.  It  is  therefore  placed 
in  a  distinct  genus,  Cyncclurtts,  to  mark  the  fact  that  the  differences 
separating  it  from  any  species  of  Felis  are  of  a  more  fundamental 
character  than  those  separating  the  species  of  Felis  from  one 
another. 

The  nearest  allies  of  the  Cats  are  the  Hysenas,  but  the  presence 
of  additional  teeth  and  of  non-retractile  claws — to  mention  only 
two  points — makes  the  interval  between  Hysenas  and   the   two 

fenera  of  Cats  far  greater  than  that  between  Felis  and  Cynaelurus. 
'he  varjnng  degree  of  difference  is  expressed  in  classification  by 
placing  the  Hysenas  in  a  separate  fkmily^  the  Hyocnidcc,  while 
Felis  and  Cynaelurus  are  placed  together  in  the  family  Felidcc. 
Similarly,  the  Civets  and  Mongooses  form  the  family  Viverriclcc ; 
the  Dogs,  Wolves,  Jackals,  Foxes,  &c.,  the  family  Canidm  ;  Bears, 
the  family  Ursidcc ;  and  so  on. 

All  the  foregoing  animals  have  sharp  teeth  adapted  to  a  flesh 
diet,  and  their  toes  are  armed  with  claws.  They  therefore  differ 
fundamentally  from  such  animals  as  Sheep,  Deer,  Pigs,  and  Horses, 
which  have  flat  teeth  adapted  for  grinding  vegetable  food,  and 
hoofed  feet.  The  differences  here  are  obviously  far  greater  than 
those  between  any  two  of  the  families  mentioned  above,  and  are 
emphasised  by  placing  the  flesh-eaters  in  the  order  Camivora, 
the  hoofed  animals  in  the  order  Ungulata.  In  the  same  way 
gnawing  animals,  such  as  Rats,  Mice,  and  Beavers,  form  the  order 
Rodentia  ;  pouched  animals,  such  as  Kangaroos  and  Opossums,  the 
order  Marsupialia ;  and  so  on. 

Camivora,  Ungulata,  Rodentia,  Marsupialia,  &c.,  although 
differing  from  one  another  in  many  important  respects,  agree  in 
the  possession  of  a  hairy  skin  and  in  the  fact  that  they  all  suckle 
their  young.  They  thus  differ  from  Birds,  which  have  a  covering 
of  feathers  and  hatch  their  young  from  eggs.  The  differences  here 
are  considerably  more  important  than  those  between  the  orders 
of  quadrupeds  referred  to,  and  are  expressed  by  placing  the  latter 
in  the  class  Mammalia,  while  Birds  constitute  the  class  Avcs.  In 
the  same  way  the  scaly,  cold-blooded  Lizards,  Snakes,  Tortoises,  &c., 
form  the  classBeptilia;  the  slimy-skinned,  scalelcss  Frogs,  Toads,  and 
Salamanders  the  class  Amphilna  ;  and  the  finned,  water-breathing 
Fishes  the  class  Pisces. 

Mammals,  Birds,  Reptiles,  Amphibians,  and  Fishes  all  agree  with 
one  another  in  the  possession  of  red  blood  and  an  internal  skeleton — 
an  important  part  of  which  is  the  backbone  or  vertebral  column — 
and  in  never  having  more  than  two  pairs  of  limbs.  They  thus 
differ  in  some  of  the  most  fundamental  features  of  their  organisation 
from  such  animals  as  Crabs,  Insects,  Scoqwons,  and  Centipedes, 
which   have  colourless   blood,  a  jointed  external    skeleton,  and 
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numerous  limbs.  These  diflferences — far  greater  than  those  be- 
tween classes — are  expressed  by  placing  the  backboned  animals 
in  the  phylum  or  sub-kingdom  Chordata,  the  many-legged 
armoured  forms  in  the  phylum  Arthropoda,  Similarly,  soft-b^ed 
animals  with  shells,  such  as  Oysters  and  Snails,  form  the  phylum 
Mollusca,  Polypes  and  Jelly-fishes  the  phylum  Coelenterata,  And 
finally  the  various  phyla  recognised  by  zoologists  together  con- 
stitute the  kingdom  Aniinalia, 

Thus  the  animal  kingdom  is  divided  into  phyla,  the  phyla  into 
classes,  the  classes  into  orders,  the  orders  into  families,  tne  families 
into  genera,  and  the  genera  into  species,  while  the  species  themselves 
are  assemblages  of  individual  animals  agreeing  with  one  another 
in  certain  constant  characters.  It  will  be  seen  that  the  individual 
is  the  only  term  in  the  series  which  has  a  real  existence :  all  the 
others  are  mere  groups  formed,  more  or  less  arbitrarily,  by  man. 

To  return  to  the  animal  originally  selected  as  an  example,  it  will 
be  seen  that  the  zoological  position  of  the  Domestic  Cat  is  expressed 
as  follows : — 

Kingdom — Animalia. 
Phylum — Chordata. 
Class — Mammalia. 

Order — Carnivora. 
Family — Felidcc. 
Genus — Fdis. 

Species — F,  domestica. 

The  object  of  systematic  zoologists  has  always  been  W  find  a 
natural  as  opposed  to  an  artificial  classification  of  animals. 
Good  instances  of  artificial  classification  are  the  grouping  of  Bats 
with  Birds  on  the  ground  that  they  both  possess  wings,  and  of 
Whales  with  Fishes  on  the  ground  that  they  both  possess  fins  and 
live  in  the  water.  An  equally  good  example  of  a  natural  classi- 
fication is  the  grouping  of  both  Bats  and  Whales  under  the  head  of 
Mammalia  because  of  their  agreement,  in  all  essential  points  of 
anatomy,  histologj%  and  embryology,  with  the  hairy  quadrupeds 
which  form  the  bulk  of  that  class. 

With  the  older  zoologists  the  difficulty  was  to  find  some  general 
principle  to  guide  them  in  their  arrangement  of  animals — some 
true  criterion  of  classification.  It  was  believed  by  all  but  a  few 
advanced  thinkers  that  the  individuals  of  each  species  of  animal 
were  descended  from  a  common  ancestor,  but  tnat  the  original 
progenitor  of  each  species  wiis  totally  unconnected  with  that  of 
ever}'  other,  having,  as  Buffbn  puts  it,  "  partici|)ated  in  the  grace 
of  a  distinct  act  of  creation."  To  take  an  instance — all  Wolves 
were  allowed  to  be  descended  from  a  jmir  of  ancestral  Wolves,  and 
all  Jackals  from  a  pair  of  ancestral  Jackals,  but  the  original  jwiir  in 
each  case  was  supposed  to  have  come  into  being  by  a  supernatural 
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process  of  which  no  explanation  could  or  ought  to  be  offered. 
Nevertheless  it  was  obvious  that  a  Jackal  was  far  more  like  a 
Wolf  than  either  of  them  was  like  a  Tiger,  and  that  in  a  natural 
OT'stem  of  classification  this  fact  should  be  expressed  by  placing  the 
Wolf  and  Jackal  in  one  family,  the  Tiger  in  another. 

All  through  the  animal  kingdom  the  same  thing  occurs:  no 
matter  what  group  we  take,  we  find  the  species  composing  it 
resemble  one  another  in  varj'ing  <legrees,  or,  as  it  is  sometimes  ex- 
pressed, have  varying  degrees  of  rdiiHonship  to  one  another.  On 
the  view  that  each  species  was  separately  created  the  word  iflation- 
ship  was  used  in  a  purely  metaphorical  sense,  as  there  could  of 
course  be  no  real  relationship  between  two  groups  of  animals 
having  a  t<)tally  independent  origin.  But  it  was  assumed  that 
creation  had  taken  place  according  to  a  certain  scheme  in  the 
Divine  Mind,  and  that  the  various  species  had  their  places  in  this 
scheme  like  the  bits  of  glass  in  a  mosaic.  The  problem  of  classifica- 
tion was  thus  to  discover  the  place  of  each  species  in  the  pattern  of 
the  nnlainwii  design. 

The  jwint  of  view  underwent  a  complete  change  when,  after  the 
publication  of  Darwin's  Origin  of  f!j>ccks  in  1859,  the  Doctrine 
of  Descent  or  of  Organic  Evolution  came  to  be  genei-ally 
accepted  by  biologists.  A  species  is  now  looked  upon,  not  as  an 
independent  creation,  but  as  having  been  derived  by  a  natural 
'  process  of  descent  from  some  pre-existing  species,  just  as  the 
various  breeds  of  Domestic  Fowl  are  descended  from  the  little 
Jungle-fowl  of  India.  On  this  view  the  resemblances  between 
species  referred  to  above  are  actually  matters  of  relationship,  and 
^ecies  are  truly  allied  to  one  another  in  varying  degrees  since 
they  ai-e  descended  from  a  common  ancestor.  Thus  a  natural 
classification  becomes  a  genealogical  tree,  and  the  problem  of 
classification  is  the  tracing  of  its  branches. 

This,  however,  is  a  matter  of  extreme  difficulty.  Representing 
by  a  tree  the  whole  of  the  animals  which  have  ever  lived  on  the 
earth,  those  existing  at  the  present  day  would  be  figured  by  the 
topmost  twigs,  the  trunk  and  main  branches  representing  extinct 
forms.  Thus  the  task  of  arranging  animals  according  to  their 
relationships  would  be  an  almost  hopeless  one  but  from  two 
circumstances  :  one,  that  remains  of  many  extinct  forms  have  been 
preserved :  the  other,  that  the  series  of  changes  undergone  by  an 
animal  in  its  development  from  the  egg  often  forms  an  epitome  of 
the  changes  by  which,  in  the  course  of  ages,  it  has  been  evolved 
from  an  ancestral  type.  Eiidence  furnished  by  the  last-named 
circumstance  is,  of  (Miirso,  fiii'iiislu^  by  embrvology  ;  the  study  of 
extinct  animals  cnn-iimti -^i  a  -special  branch  of  raorpholo^gy  to 
which  the  name  Palsontology  is  applied. 

The  solid  cru.st  of  the  taiih  is  composed  of  various  kinds  of 
rocks  divisible  into  two  groujis :   (1)  Tgiicmts  rocks,  such  as  granite 
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and  basalt,  the  structure  of  which  is  due  to  the  action  of  the 
internal  heat  of  the  globe,  and  which  originate  below  the  surface 
and  are  not  arranged  in  layers  or  strata .  (2)  Aqucoiis  or  sedimentary 
rocks,  which  arise  by  the  disintegration,  at  the  surface  of  the  earth, 
of  pre-existing  rocks,  the  fragments  or  debris  being  carried  off  by 
streams  and  rivers  and  deposited  at  the  bottom  of  lakes  or  seas. 
Being  formed  in  this  way  by  the  deposition  of  successive  layers  or 
strata,  the  sedimentary  rocks  have  a  stratified  structure,  the  lowest 
being  in  every  case  older  than  the  more  superficial  layers.  The 
researches  of  geologists  have  shown  that  there  is  a  general  order  of 
successimi  of  stratified  rocks :  that  they  may  be  divided  into  three 
great  groups,  each  representing  an  era  of  time  of  immense  but 
unknown  duration,  and  that  each  group  may  be  subdivided  into 
more  or  fewer  systems  of  rocks,  each  representing  a  lesser  period  of 
time.  The  following  table  shows  the  thirteen  rock-systems  usually 
recognised,  arranged  under  the  three  great  groups  in  chronological 
order,  the  oldest  being  at  the  bottom  of  the  list. 

f  13.  Quaternary  and  Recent. 

m^  .         .         rr  ^'  J  12.  Pliocene. 

.  Oamozoic  or  lertiary.  .<  n    ^r- 

'^     ]  11.  Miocene. 

10.  Eocene. 

j     9.  Cretaceous. 
II.  Mesozoic  or  Secondary .  ^     8.  Jurassic. 

1     7.  Triassic. 

6,  Permian. 
5.  Carboniferous. 
4.  Devonian. 
8,  Silurian. 
2.  Cambrian. 
1.  Laurentian. 

Imbedded  in  these  rocks  are  found  the  remains  of  various  extinct 
animals  in  the  form  of  what  are  called  fossils.  In  the  more  recent 
rocks  the  resemblance  of  these  to  the  hard  parts  of  existing 
animals  is  perfectly  clear :  we  find  shells  hardly  differing  from 
those  we  pick  up  on  the  beach,  bones  easily  recognisable  as  those 
of  Mammals,  Birds,  or  Fishes,  and  so  on.  But  in  the  older  rocks  the 
fossils  are  in  many  cases  so  different  in  character  from  the  animals 
existing  at  the  present  day  as  to  be  referable  to  no  existing  order. 
We  find  Biixis  with  teeth,  great  aquatic  Reptiles  as  large  as  Whales, 
Fishes,  Molluscs,  Crustacea,  &c.,  all  of  an  entirely  difierent  type  from 
any  now  existing.  We  thus  find  that  the  former  were  in  many 
cases  utterly  unlike  the  present  animal  inhabitants  of  the  globe, 
and  we  arrive  at  the  notion  of  a  succession  of  life  in  time^  and  are 
even  able,  m  exceptionally  favourable  circumstances,  to  trace  back 
existing  forms  to  their  extinct  ancestors. 

By  combining  the  results  of  comparative  morpholog)^  embryolog}'. 


I.  Palaeozoic  or  Primary . .  < 
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and  palaeontology  wc  get  a  department  of  Zoology  called  Phylo- 
geny,  the  object  of  which  is  to  trace  the  pedigrees  of  the  various 
groups.  There  are,  however,  very  few  cases  in  which  this  can  be 
done  with  any  approach  to  exactness :  most  "  phylogenies  "  are 
purely  hj^othetical,  and  merely  represent  the  views  at  which  a 
particular  zoologist  has  arrived  after  a  more  or  less  exhaustive 
study  of  the  group  under  discussion. 

Animals  may  also  be  studied  from  the  point  of  view 
of  Distribution.  One  aspect  of  this  study  is  inseparable  from 
Palaeontology,  since  it  is  obviously  necessary  to  mention  in  con- 
nection with  a  fossil  the  particular  system  or  systems  of  rocks  in 
which  it  occurs  :  thus  we  distinguish  geological  distribution  or 
distribution  in  time. 

The  distribution  of  recent  forms  may  be  studied  under  two 
aspects,  their  horizontal  or  geographical  distribution^  and  their 
vertical  or  bathymetrical  distribution.  To  mention  the  latter 
first,  we  find  that  some  species  exist  only  on  plains,  others — hence 
called  alpiiu  forms — on  tne  higher  mountains ;  that  some  marine 
shells,  fishes,  &c.,  always  keep  near  the  shore  {littoral  species),  others 
live  at  great  depths  {abyssal  species),  while  others  {pelagic 
species)  swim  on  the  surface  of  the  ocean.  Among  aquatic 
animals,  moreover,  whether  marine  or  fresh-water,  three  principal 
modes  of  life  are  to  be  distinguished.  These  are  animals,  such 
as  Jelly-fishes,  which  float  on  or  near  in  the  water,  and  are 
carried  about  passively  by  currents:  such  forms  are  included 
under  the  term  Plankton,  Most  Fishes,  Whales,  and  Cuttle-fishes, 
on  the  other  hand,  are  strong  swimmers,  and  are  able  to  traverse 
the  water  at  will  in  any  direction ;  they  together  constitute  the 
Nekton,  Finally,  such  animals  as  Crabs,  Oysters,  Sponges,  Zoo- 
phytes, &c.,  remain  permanently  fixed  to  or  creep  over  the  surface 
of  the  bottom,  and  arc  grou])ed  together,  as  the  Benthos, 

Under  the  head  of  geographical  distribution  we  have  such  facts 
as  the  absence  of  all  Land-mammals,  except  Bats,  in  New  Zealand 
and  the  Polynesian  Islands,  the  presence  of  pouched  Mammals, 
such  as  Kangaroos  and  Opossums,  only  in  some  parts  of  America 
and  in  Australia  and  the  adjacent  islands,  the  entire  absence  of 
Finches  in  Australasia,  and  so  on.  We  find,  in  fact,  that  the 
fauna — i,e,  the  total  animal  inhabitants — of  a  country  is  to  a 
large  extent  independent  of  climate,  and  that  the  faunae  of 
adjacent  countries  often  differ  widely.  In  fact,  it  is  convenient 
in  studying  the  geographical  distribution  of  animals  largely  to 
ignore  the  ordinary  division  into  continents,  and  to  divide  the 
land-suriace  of  the  globe  into  what  are  called  zoo'ijcograjyliical 
regions.  The  characteristics  of  these  regions  w^ll  be  discussed  in 
a  future  section ;  at  j)resent  it  is  only  necessary,  for  convenience  of 
reference,  to  give  their  names  and  boundaries. 
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1.  The  Holarctic  Ecgimi  includes  the  whole  of  Europe,  Asia  as 
far  south  as  the  Himalayas,  Africa  north  of  the  Sahara,  together 
with  the  corresponding  portion  of  Arabia,  and  North  America  as 
far  south  as  Mexico.  For  convenience  of  reference  it  is  often 
customary  to  divide  this  region  into  two :  its  Eurasian  portion  is 
then  called  the  Falceardic,  its  American  portion  the  Nearctic 
region. 

2.  The  Ethi(ypian  Eegion  includes  Africa  south  of  the  Sahara, 
Southern  Arabia,  and  Madagascar  with  the  adjacent  islands. 

3.  The  Oriental  Region  includes  India,  Ceylon,  South  China, 
the  Malayan  Peninsula,  and  what  are  known  as  the  Indo-Malayan 
islands,  i.e.  those  islands  of  the  Malayan  Archipelago  which  lie  to 
the  west  of  a  line — called  Wallace's  line — passing  to  the  east  of 
the  Philippines,  between  Borneo  and  Celebes  and  between  Bali 
and  Lombok. 

4.  The  Australian  Region  includes  Australia,  Tasmania,  and  the 
Austro-Malayan  islands,  i.e,  the  islands  of  the  Malayan  Archipelago 
lying  to  the  east  of  Wallace's  line. 

5.  The  New  Zealatul  Region  includes  New  Zealand  and  the 
adjacent  islands,  such  as  the  Chatham,  Auckland,  and  Campbell 
groups. 

6.  The  numerous  groups  of  islands  lying  between  Australia 
and  Southern  Asia  to  the  west,  and  America  to  the  east,  are 
conveniently  grouped  together  as  the  Polynesian  Region, 

7.  The  Neotropical  Region  includes  the  whole  of  South  and 
Central  America  and  part  of  Mexico. 

There  are  still  two  departments  of  zoological  science  to  be 
mentioned.  As  it  is  impossible  to  have  a  right  understanding  of 
a  machine  without  knowing  something  of  the  purpose  it  is  in- 
tended to  serve,  so  the  morphological  study  of  an  animal  is  im- 
perfect without  some  knowledge  of  its  Phyiiology^  t>.  of  the 
functions  performed  by  its  various  parts,  and  the  way  in  which 
they  work  together  for  the  welfare  of  the  whole.  It  is  hardly 
possible  to  give  more  than  occasional  references  to  physiological 
matters  in  a  text-book  of  Zoology,  but  in  order  to  pave  the  way 
for  such  references  a  brief  account  of  the  general  principles  of 
Physiology  will  be  given  in  the  next  section. 

Not  only  may  we  study  the  action  of  a  given  animal's  organs, 
but  also  the  actions  of  the  animal  as  a  whole,  its  habits,  its 
relations  to  other  animals,  whether  as  friends,  as  enemies,  or  as 
prey,  to  the  vegetable  kingdom,  and  to  its  physical  surroundings, 
such  as  temperature,  humidity,  &c.  In  a  word,  the  whole  question 
of  the  relation  of  the  organism  to  its  environment  gives  us  a  final 
and  most  important  branch  of  Natural  History  which  has  been 
called  Ethology  or  Bionomics. 
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THE  GENERAL  STRUCTURE  AND  PHYSIOLOGY 
OF  ANIMALS 


If  we  examine  under  the  microscope  a  drop  of  water  containing 
some  of  the  slimy  deproit  which  collects  at  the  bottom  of  pools  of 
rain-water  and  in  similar  situations,  we  occasionally  find  it  to 
abound  in  microscopic  life  ;  and  among  the  minute  moving  creatures 
in  such  a  drop  we  frequently  find  examples  of  a  remarkable  or- 
ganism^the  Ammba  or  Proteus  Animalcule  (Fig.  1).  This  is 
a  little  particle  of  irregular 
shape,  which  we  should  be 
likely,  on  a  cursorj'  examina- 
tion, to  put  down  as  motion- 
less ;  it  appears  somewhat  like 
an  irregular  ])article  of  some 
colourless  glass-like  substance 
with  a  more  granular  central 
portion.  If,  however,  we  make 
an  exact  drawing  of  the  out- 
line of  the  Amceba,  and,  after 
an  interval,  compare  the  draw- 
ing with  the  original,  we  find 
that  the  drawing  appears  no 
longer  to  represent  what  we 
see  ;  a  change  has  taken  place 
in  the  shape  of  the  Amceba ; 
and  careful  observation  shows  that  this  change  is  constantly  going 
on :  the  Amoeba  is  constantly  varj'ing  in  shape.  This  change  is 
effected  by  the  pushing  out  of  projections  or  processes,  called 
pseudopods  (psd.),  which  undergo  various  alterations  of  size 
and  shape,  and  may  become  withdrawn,  other  similar  processes 
being   developed    in   their    place.      At    the    same    time   careful 
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watching  shows  that  the  Amoeba  is  also,  with  extreme  slowness,, 
changing  its  position.  This  it  effects  by  a  kind  of  streaming 
motion.  A  projection  forms  itself  on  one  side,  and  the  entire 
substance  of  the  Amoeba  gradually  streams  into  it ;  a  fresh 
projection  appears  towards  the  same  side,  the  streaming  move- 
ment is  repeated,  and,  by  a  constant  succession  of  such  move- 
ments, an  extremely  gradual  locomotion,  which  it  often  takes  very 
close  watching  to  detect,  is  brought  about.  In  these  movements, 
it  is  to  be  noticed,  the  Amceba  is  influenced  to  some  extent  by 
contact  with  other  minute  objects ;  when  the  processes  come  in 
contact  with  small  OTains  of  sand  or  other  similar  particles  their 
movements  are  modified  in  such  a  way  that  the  Amoeba,  in  its 
slow  progress  onwards,  passes  on  one  side  of  them,  so  that  it 
might  be  said  to  feel  its  way  among  the  solid  particles  in  the  drop 
of  sediment. 

Judging  from  the  nature  of  these  movements,  we  are  obliged  to 
infer  that  the  substance  of  which  this  remarkable  object  is  com- 
posed must  be  soft  and  semi-fluid,  yet  not  miscible  with  the  water, 
and,  therefore,  preserving  a  sharp  contour^  These  and  other 
characteristics  to  be  mentioned  subsequently  enable  us  to  conclude 
that  we  have  to  do  with  the  substance  of  complex  chemical  com- 
position termed  protaplasm,  which  constitutes  the  vital  material  of 
all  living  organisms  whether  animals  or  plants.  In  Amoeba  the 
protoplasm  is  clearly  distinguishable  into  two  parts,  an  outer 
homogeneous,  glassy-looking  layer  completely  enclosing  a  more 
granular  internal  mass. 

Examination  of  the  Amoeba  with  a  fairly  high  power  of  the 
microscope  reveals  the  presence  in  its  interior  of  two  objects  which 
with  a  low  power  we  should  be  likely  to  overlook.  One  of  these 
is  a  small  rounded  body  of  a  homogeneous  appearance,  which 
preserves  its  form  during  all  the  changes  which  tne  Amoeba  as  a 
whole  undergoes.  This  is  termed  the  nucleus  (Fig.  1,  n?/.):  it  is 
enclosed  in  an  extremely  delicate  membrane,  and  consists  of  a 

Erotoplasmic  material  differing  from  that  which  forms  the  main 
ulk  of  the  Amoeba  in  containing  a  substance  which  refracts  the 
light  more  strongly  and  which  has  a  stronger  affinity  for  certain 
colouring  matters.  The  other  minute  object  to  be  distinguished 
in  the  interior  appears  as  a  clear  rounded  space  {c.  vac.)  in  the 
protoplasm.  When  this  is  watched  it  will  be  observed  to  increase 
gradually  in  size  till  it  reaches  a  maximum  of,  let  us  say,  a  fifth  of 
the  total  diameter  of  the  Amoeba,  when,  by  a  contraction  of  its  walls, 
it  suddenly  disappears,  to  reappear  presently  and  gradually  grow 
again  to  its  maximum  size.  This  pulsating  clear  space  is  the 
contractile  vacuole. 

By  watching  the  Amoeba  carefully  for  some  time  we  may  be 
enabled  to  observe  that  the  movements  of  the  protoplasm  of  the 
body  not  only  effect  locomotion,  but  are  connected  also  with  the 
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reception  of  ct-rtain  foreign  particles  of  organic  nature — i.e.  either 
entire  minute  animals  or  plants,  or  minute  fragments  of  larger 
forms— into  the  interior  of  the  protoplasm.  A.  process  of  the 
protoplastn  is  pressed  against  such  a  particle,  which  becomes  sunk 
in  the  soft  substance,  and  passes  nadually  into  the  interior.  Here 
it  becomes  surrounded  by  a  little  globule  of  watery  fluid,  and  by 
('agrees  partially  or  wholly  disappears;  the  part,  if  any,  which 
remains  subsequently  passes  outwards  from  the  protoplasm  into 
the  surrounding  water.  The  matter  which  disappears  evidently 
mixes  with  the  protoplasm  and  adds  to  its  bulk.  All,  in  fact,  of 
the  matter  of  the  foreign  body  that  is  capable  of  it  becomes 
digested  and  assimilated  By  the  protoplasm.  The  globule  of  watery 
fluid  enclosing  the  food-particle  (for  such  is  the  tnie  nature  of  the 
foreign  body)  probably  contains  some  ingredient  of  the  nature  of  a 
/ervient,  capable  of  acting  on  certain  substances  and  rendering 
them  more  soluble  or  capable  of  being  more  readily  taken  up  by 
the  protoplasm.  This  we  infer  mainly  from  what  we  know  of  the 
digestion  and  absorption  of  food  in  the  higher  animals ;  but  the 
fact,  which  has  been  established  by  experiment,  that  the  Amceba 
is  able  jreadily  to  digest  certain  classes  of  organic  substances,  while 
others,  when  taken  into  the  int-erior  of  toe  protoplasm,  remain 
unaltered,  seems  to  indicate  that  some  special  property,  similar  to 
those  possessed  by  the  digestive  ferments  of  the  higher  animals, 
is  present  in  the  watery  fluid  surrounding  the  food-particle. 

The  movements  of  the  Amoeba,  slow  and  gradual  though  they 
are,  must  involve  a  certain  expenditure  of  energy  or  working  power ; 
this  can  only  be  derived  from  the  energy  of  chemical  ajinity 
which  the  protoplasm  possesses  in  virtue  of  its  comi)lex  chemical 
composition.  The  protoplasm  loses  some  of  this  energy  by  its 
conversion  into  enei^'  of  movement.  This  loss  implies  the  break- 
ing up  of  the  complex  "chemical  ingredients  of  which  protoplasm 
is  made  up  into  simpler  ones  ;  the  protoplasm  falls  a  grade  m  the 
scale  of  chemical  compounds,  and  by  its  fall  generates  the  force  by 
means  of  which  the  Amueba  moves.  The  energy  of  chemical 
affinity  which  the  protoplasm  possesses  is  thus  analogous  to  the 
potential  energy  which  the  weight  of  a  clock  has  when  it  is  wound 
up.  As  the  weight,  by  virtue  of  its  position,  is  able  as  it  falls  to 
deal  out  working  power  so  as  to  cause  the  movement  of  the 
machinerj'  of  the  clock,  so  the  protoplasm  is  able,  by  the  degra- 
dation or  decomposition  of  its  complex  compounds,  to  deal  out 
working  power  enabling  the  Amoeba  to  move.  In  the  case  of  the 
clock-weight  there  comes  a  time  when  all  the  potential  energy  is 
expended ;  the  weight  reaches  its  lowest  limit,  and  unless  it  is 
wound  up  again  the  clock  stops.  The  like  holds  good  of  the 
Amoeba ;  the  protoplasm  is  continually  being  used  up — broken  up 
into  compounds  of  a  lower  order — and,  in  course  of  time,  the  whole 
potential  energj-  would  become  exhausted,  were  it  not  that  a  new 
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supply  is  being  constantly  received.  This  new  supply  of  energy  is 
derived  from  the  substance  of  the  food-particles ;  and  this  at  the 
same  time  maintjiins  the  bulk  of  the  Ainceba,  which,  if  food  par- 
ticles are  absent  from  the  water,  gradually  diminishes. 

Accompanying  the  degradation,  or  destructive  metalolmn.  as  it 
is  tenned,  of  the  protoplasm,  and  intimately  connected  with  it,  is 
the  passage  inwards  of  oxygen  from  the  air  dissolved  in  the  water, 
and  the  passage  outwards  of  carbonic  acid  gas.  Oxygen  is  a 
necessary  agent  in  the   process   of  destructive   metabolism,  and 
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carbonic  acid  is  a  constant  waste-product  of  such  action.  This 
interchange  of  oxygen  and  carbonic  acid  is  the  essence  of  the  pro- 
cess of  T(S}nratifm,  observable  in  all  living  things.  In  addition  to 
the  carbonic  acid  given  off  in  this  process  other  waste-products  are 
fonned  and  have  to  be  got  rid  of.  In  all  probability  the  conlractiit 
vncuole  already  referred  to  ha-s  to  do  with  this  process — the  process 
of  txcrdion — since  uric  atid,  which  in  higher  animals  is  the  typical 
form  assumed  by  such  waste -products,  is  said  to  have  been  detected 
in  the  interior  of  the  contractile  vacuole  in  the  casu  of  certain  near 
relatives  of  Amoeba. 

When  food  is  abundant  the  Amoeba  increases  in  bulk — more 


food  being  iiigested  than  is  required  for  siiuply  maintaining  the 
BJze  unaltered— and  soon  a  remarkable  change  takes  place.  The 
processes  become  withdrawn,  and  a  fissure  appears  dividing  the 
Amceba  into  two  jiarta  (Fig.  2).  This  fissure  grows  inwai-ds,  and  the 
two  part8  become  more  and  more  completely  separated  from  one 
another  till  eventually  the  separation  becomes  complete,  and  we 
have  two  distinct  Amoebfe  resulting  from  the  division  of  the  one. 
While  the  protoplasm  has  been  undergoing  this  division  into  two 
h&lves  the  nucleus  also  divides,  and  each  of  the  two  nuw  Ama^bf 
possesses  a  nucleus  similar  to  the  original  one,  and  developed  from 
it  by  division.  It  is  mainly  by  this  simple  process  of  division 
into  two,  or  binai^  fission  as  it  is  called,  that  reproduction  or 
multiplication  takes  place  in  the  Amceba, 

In  spite  of  the  great  simplicity  of  its  structure,  the  Amceba 
thus  carries  on  a  number  of  different  functions.  The  practically 
structureless  particle  of  protoplasm  is  able  to  act  on  matter 
absorbed  as  food  in  such  a  way  as  to  alter  the  chemical  com- 
position of  the  latter  and  to  assimilate  it ;  it  is  able  to  carry  on 
movements  of  locomotion  as  well  as  movements — those  involved 
in  the  taking  in  of  food  particles — which  may  be  looked  upon  as 
movements  of  prehension :  it  eshibita  a  certain  degree  of  sensitive- 
ness or  irritability,  as  shown  by  the  modifications  of  its  movements 
which  result  from  contact  with  foreign  bodies  ;  it  is  able  to  respire ; 
it  carries  on  processes  of  excretion ;  and,  finally,  it  is  capable  of 
reproducing  its  kind.  It  is  these  functions  that  characterise  living 
beings  as  distinguished  from  non-Hving  matter.  The  power  of 
locomotion,  the  capacity  for  assimilating  organic  substances,  and 
the  absence  of  two  special  compounds — chlorophyll  and  cellulose — 
are  specially  characteristic  of  the  animal  as  distinguished  from  the 
plant. 

2.  The  Animal  Cell. 

In  all  but  the  lowest  animals  the  various  functions  just  enume- 
rated arc  earned  on  by  means  of  a  more  or  less  complex  machinery 
of  origans — miiscles.  alimentary  or  enteric  ainal,  ijlands.  heart  and 
blood-vcsseU,  gUls  or  Inngt,  nenvits  system,  orifana  of  exaction,  and 
organs  of  reprodudioik.  But  in  all  ajiimals,  however  complex, 
the  same  substance,  proloplasm,  which  in  Amceba  constitutes 
the  bulk  of  the  body,  is  the  essential  and  active  part.  Wherever 
in  the  body  active  functions  are  being  discharged  and  active 
changes  are  going  on,  there  we  find  protoplasm  present :  where 
there  is  no  protoplasm  there  is  no  vital  activity.  In  the 
earliest  stages  of  their  existence  all  animals  are  Jonned  entirely 
of  protoplasm.  Every  animal  consists  at  first  of  a  single  minute 
particle  of  protoplasm,  not  widely  different  from  an  Ania-ba.  Soon 
this  particle  divides  into  a  number  of  parts   which,  instead   of  ' 
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separating  completely  from  one  another,  like  the  parts  of  a 
divided  Amoeba,  remain  associated  together,  forming  a  clump 
of  minute  particles  of  protoplasm.  Such  minute  protoplasmic 
particles  are  termed  cells ;  every  animal  consists,  at  first,  of  a 
single  cell,  and  afterwards,  in  all  higher  animals,  this  single  cell 
becomes  converted  by  division  and  subdivision  into  a  little  cluster 
or  clump  of  cells. 

It  is  time  that  we  should  inquire  more  particularly  as  to  the 
meaning  of  these  two  terms — cell  and  protoplasm — evidently  so 
important  in  the  study  of  both  plants  and  animals.  Protoplasm^ 
we  have  already  seen,  is  a  semi-fluid,  gelatinous,  clear  or  finely 
granular  substance  of  complex  chemical  composition.  It  is  known 
not  to  be  a  definite  compound,  but  to  be  a  somewhat  varying 
mixture  of  chemical  compounds,  the  most  essential  of  which  are 
bodies  of  the  class  of  pi^otcids — highly  complex  substances,  into  the 
composition  of  which  the  elements  carbon,  hydrogen,  oxygen, 
nitrogen,  and  sulphur  all  enter.  Living  protoplasm  always  con- 
tains a  large  amount  of  water.  It  is  soluble  in  weak  acids  or 
weak  alkalies ;  and  is  capable  of  being  coagulated — rendered  firmer 
and  more  opaque — by  the  action  of  heat  and  of  strong  alcohol.  Its 
reaction  is  slightly  alkaline.  As  regards  its  minute  structure,  it 
is  generally  acknowledged  that  there  are  two  kinds  of  substance  in 
the  protoplasm,  in  some  cases  more,  in  others  less,  distinctly  marked 
otf  from  one  another.  One  of  these  substances  (mitome)  is  less 
fluid  than  the  other,  and  appears  to  be  arranged  in  the  form  of  a 
network  of  threads,  composed  of  numerous  minute  rounded  gran- 
ules, enclosing  the  second,  more  fluid  substance  {imramitoim)  in 
its  meshes. 

To  a  particle  of  protoplasm,  usually  containing  a  nucleus  in  its 
interior,  constituting  the  entire  body  of  such  a  simple  organism  as 
Amoeba,  and  forming  one  of  the  constituent  elements  of  which  a 
higher  plant  or  animal  is  made  up,  the  term  cell  is  applied.  The 
word  was  first  employed  in  reference  to  the  microscopic  stnic- 
ture  of  plants,  in  connection  with  which  it  is  much  more  appro- 
priate than  in  connection  with  the  microscopic  structure  of  animals ; 
for  a  plant-cell  has,  nearly  always,  a  definite,  finn,  enclosing 
envelope  or  cell-wall  (Fig.  3, 1,  c.w) — a  structure  which  is  only 
exceptionally  present  in  the  case  of  animals.  In  the  interior 
of  the  cell-protoplasm,  or  cytoplasm,  is  a  body  termed  the  nucUus 
similar  to  the  nucleus  of  Amceba;  usually  of  rounded  shape,  with 
a  thin  enclosing  nnclear  mcmhrane  (A,  nn.1n^,  which  is  perforated 
by  numerous  mmute  apertures.  In  the  nucleus  is  a  single  coiled 
thread,  or  a  network  of  threads,  or  one  or  more  rounded  clumps, 
of  a  substance — chromatin  {chr.) — which  differs  from  onlinary 
protoplasm  in  having  a  stronger  affinity  for  most  staining 
agents.  A  rounded  body  termed  the  nttcleohcs  (nu),  which  usually 
occurs  in  the  interior  of  the  nucleus,  is  formed  either  of  a 
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solid  mass  of  chromatin,  or  of  a  substance — achrmnatin — differing 
somewhat  from  chromatin  in  its  properties  and  less  strongly 
affected  by  staining  agents.  Allied  to  the  achromatin  of  which 
such  nucleolar  clumps  may  be  composed  is  a  constituent  of  the 
nucleus  to  which  the  name  of  linin  is  applied.  This  assumes  the 
form  of  a  network  of  delicate  threads — liiiin  filaments — which 
usually  have  associated  with  them,  embedded  in  their  substance 
or  adhering  to  their  surfaces,  rows  of  chromatin  granules,  the 
interstices  being  filled  with  a  granular  material — the  nuclear  saj). 
When  the  nucleus  divides  dm-ing  the  process  of  division  of  the 
cell,  its  contents,  more  particularly  the  chromatin,  in  many  cases 
go  through  a  remarkable  series  of  changes,  to  which  the  term 
kai^oldiusis  or  mitosis  is  applied. 

At  the  time  when  this  mitotic  division  is  about  to  be  initiated 
either  one  or  two  minute  bodies  (Fig.  3,  A,  c)  are  to  be  distinguished 
situated  close  together  in  the  cytoplasm  in  the  immediate  neigh- 
bourhood of  the  nucleus.  These  are  the  ccntrosomes — minute 
masses  of  a  protoplasmic  substance  which  seems  to  resemble  the 
matter  of  the  nucleolus.  The  centrosomes,  at  first  close  together, 
gradually  separate  from  one  another,  a  spindle-shaped  bundle  of 
very  fine  fibres  of  achromatic  ^  material — the  mcclcar  sjnndlc — ex- 
tending betw^een  them  (Fig.  3,C).  At  the  same  time  each  centrosome 
becomes  the  centre  of  a  system  of  fine  achromatin  fibres  (ap- 
parently made  up,  like  the  fibres  of  the  spindle,  of  rows  of  granules) 
which  are  arranged  round  it  in  a  radiating  manner  forming  a 
structure  termed  the  attractuyn-spliere  or  astrosphcrc  (Fig.  3,  A,  s). 
Meantime  important  changes  have  been  in  progress  in  the  nucleus. 
The  chromatin  first  becomes  arranged  in  a  close  tangle,  and  then 
becomes  divided  up  into  a  number  of  parts — the  chromatin  segments 
or  chromosomes — which  frequently  have  the  form  of  loop-like  threads 
(Fig.  3,  C,  chr),  but  often  assume  other  forms.  The  nuclear  mem- 
brane disappears.  Each  of 'the  chromatin  segments  splits  length- 
"vvise  into  two  parts — the  daughtcr'Scgments  of  the  chromatin  or 
daughter-chromosomes  (Fig.  3,  D,  E),  and  with  these  the  filaments  of 
the  spindle  become  connected. 

At  this  point  the  segments  of  the  chromatin  form  a  single  group 
— the  equatorial  j^lcfl^ — extending  across  the  axis  of  the  spindle. 
The  latter  has  shifted  its  position,  so  that  its  fibres  now  run 
across  the  original  site  of  the  nucleus,  each  of  them  having 
become  intemipted  and  divided  into  two  halves,  each  of  which 
extends  inwards  from  the  corresponding  centrosome,  and  has 
become  connected  with  one  of  the  daughter-chromosomes.  The 
spindle-fibres  now  contract,  and,  apparently  as  a  result  of  this  con- 
traction, half  the  daughter-chromosomes  become  drawn  towaixls 

^  The  temi  cwhromatin  is  usually  applied  to  all  the  matter  of  the  nucleus 
that  has  not  the  special  characteristics  of  chromatin  ;  but  it  applies  to  cytoplasmic 
structures — i.e.  structures  belonging  to  the  body  of  the  cell — as  well. 
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one  of  thecenti-osomes  and  half  towards  the  other  (Fig.  3,F,G,  H), 
so  that  they  are  now  separated  into  two  distinct  groups.  When  the 
groups  have  approached  the  extremity  of  the  spindle,  the 
sognients  of  each  unite,  and  eventually  the  entire  chroniatin  of 
each  of  the  two  groups  assumes  the  arrangement  which  the 
chromatin  of  the  original  nucleus  exhibited  before  division  begnn. 
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A  new  nuclear  membrane  becomes  formed  unmnd  each  chromatin 
group,  and  the  whole  assumes  the  character  of  a  complete  nucleus 
— the  daughfir-nucUiif.  A  furntw  which  appt'ai-s  on  the  surface  of 
the  cell-protop!a.Mn  (Fig.  3,  H,  I),  sumiunding  it  in  the  form  of  a 
ring  in  a  plane  at  right  angles  tu  the  lung  axis  of  the  spindle, 
deepen.-*  gradually  so  as  to  give  rise  to  a  cleft,  eventually  com- 
pletely sejjamting  the  substance  of  the  cell  into  two  halves.    Each 
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ijf  these  halves  encloses  one  of  the  da  lighter*  nuclei  and  has 
assumed  the  character  of  a  complete  dnughter-ctU.  In  some 
instances  the  division  of  the  nucleus  ia  direct  or  amitotic,  the 
nucleus  simply  becoming  separated  into  two  equal  parts,  without 
disappearance  of  the  nuclear  membrane,  and  without  any  compli- 
cated re-arrangement  of  the  chromatin. 


3.  The  Ovum-.  Maturation,  Impregnation,  and  Segmentation: 
THE  Germinal  Layers. 

Amteba  is  simply  an  independent  animal  cell ;  or,  to  express  the 
same  meaning  in  another  way,  is  a  unicellular  animal,  and  as  such 
it  is  a  member  of  the  phylum  of  the  Protozm  or  unicellular 
animals.  Ail  the  rest  of  the  animal  kingdom,  fonning  the 
division  Vrto'oa  ore  muliicelhilar  in  the  fully  developed  condition; 
but  ftch  of  these  multicellutar 
tnimals  or  Metazoa  originates  from 
a  smgle  cell — the  oTum.  The 
ovin  s  a  t\pical  cell  (Fig.  4), 
us  lallv  spherical  in  shape,  with 
one  r  more  enclosing  membranes, 
>ith  cell  protoplasm  enclosing  a 
n  icleus  (f/CTminal  vesicle)  in  which 
ire  contaned  tne  or  more  rounded 
masses  of  chromatin  {germinal  s 
r  s}  ts)  The  ovum  may  contain 
add  t  n  t  the  protoplasm  . 
]uantit\  ot  non- protoplasmic  nu 
trient  material  or  yolk. 

Before  the  process  of  impregna- 
tion or  fertilisation  which  gives  the 
impulse  to  development,  the  ovum 
nndergr>es  a  change  which  is  termed 
maturation  (Fig.  5,  A).  This  con- 
sists, in  essence,  of  the  throwing  out  of  portions  of  the  nucleus. 
The  latter  approaches  the  surface  and  divides,  mitoticallv,  into  two 
parts — one  coming  to  project  on  the  surface  and  finally  becoming 
completely  separated  off  from  the  ovum  as  a  rounded  particle— 
the  firU  polar  body  (pol.).  A  second  division  of  the  nucleus 
results  in  the  throwing  off  of  a  sfcond  polar  Udy ;  and.  after  this 
has  been  fonned.the  portion  which  remains  in  the  ovum  resu 
its  central  position  and  forms  what  is  termed  the  fnnale  pro- 
nucleus (^  prou..). 

In  the  process  of  impregnation  a  very  minute  body,  the  male 
cell,  sperm-celt,  or  s}>,-nn.  penetrates  into  the  interior  of  "the  female 
cell  or  ovum,  and  the  nucleus  which  it  contains— the  male 


vnk'ls),  witli  lu  uetwork  ot  chro- 
mattu  BDil  >  large  nueleolu*  (goi. 
mtOKl  apot).     (rrum  Biilfuur'a  £\ii- 
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nucleus  (^  pron.)  coalesces  viih  the  female  pro-nucleus  to  fonii  a 
single  nucleus  called  the  stgnicntaiion  nucleus  {seg.  nucl.).  The 
principal  part  in  the  process  of  fertilisation  is  thus  played  hy  the 


polar  iliubiile :  B.  bef[luiiJDic  of  lenUimliui 
■wfctJcm  at  tha  nude  |itiiiiucl«ua :  I>.  ■truvv 
Butionof 
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two  nuclei;  but  the  centrawmes,  one  (^  cent?)  derived  fnnu  the 
-spemi,  and  the  other  (o  cent.)  from  the  ovum,  also  seem  to  tflkc  a 
share.  Sometimes  each  of  these  divides  into  two,  and  the  two 
ccntrosomea  resulting  from  the  division  of  that  deriviii  fnmi  the 


Bpenn  conlesci;  with  the  two  I'orined  by  division  of  tliat  belonging 
to  the  ovum  ;  but,  nuiru  coiiiinnnl^';  the  contiijs'jnic-  of  the  oviiin 
disappears  before  the  two  nuclei  come  into  contact.  The  result  of 
these  changes  is  the  formation  of  the  impregnated  ovum,  or  oosperm 
fts  it  is  called,  The  oosperm,  it  is  to  be  noted,  bafure  development 
begin«,  consists  of  the  priniai-y  ovum  miuus  the  portions  of  the 
substance  of  its  nucleus  removwl  in  the  polar  bodies,  and  also, 
usually,  minus  its  centritsome,  and  plus  the  si)erra  with  its  nucleus 
and  centrosQuie. 

On  impregnation  follows  shortly  the  proci-if-  of  liivision  already 
briefly  referred  to,  which  is  known  as  leermentatlon  (Fig.  6). 
This  either  affects  the  entire  substanci.'  (hotoblagtif  or  complete 
segmentation)  or  only  a  jmrt  {vuroUmtic  or  incomplete  seg- 
mentation) of  the  oos])erm.  In  the  former  case  the  ovum  usual^ 
contains  little  or  no  food-yolk,  consisting  exclusively,  or  nearly  1 
so,  of  jtro  topi  Its  mic    matter.       The  first  stage  in    the   prwess  of 
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segmentation  is  the  mitotic  division  of  the  .segmentation-nucleus, 
accompanied  by  the  division  into  two  parts  of  the  substance 
of  the  protoplasm — the  result  being  the  fonuation  of  two  cells, 
each  with  its  nucleus  (Fig.  6).  Each  of  these  two  cells  then  divides 
— four  cells  being  thus  formed;  the  four  divide  to  form  eight; 
the  eight  divide  to  form  sixteen,  and  so  on,  until,  by  the  process 
of  division  and  subdivision,  the  oosjierm  becomes  segmented  into 
a  largo  number  of  comparatively  small  celb  which  are  termed  the 
blastomrra.  This  mass  of  cells  is  spherical  in  shape,  and  the 
rounded  blastomeres  of  which  it  is  com[>osed,  project  on  its  sur- 
face so  as  to  give  it  somewhat  the  appearance  of  the  fruit  of 
the  mulberry,  whence  it  is  termed  the  muUieiTff  Jmli/  or  morula 
stage.  The  blastomeres  next  become  arranged  regularly  in  a 
single  layt-r — the  embryo  assuming  the  form  of  a  hollow  sphere, 
the  hlaatosphere  or  l/litntu la,  mth  a  wall  composed  of  a  single  layer 
of  cells  enclosing  a  cavity — the  segmtTUatimi  cavUy  ur  hlmtoaeU: 

One  aide  of  the  hollow  blastula  next  becomes  pushed  inwards  or 
inraginaied,  as  one  might  push  in  one  side  of  a  hollow  india-rubber 
ball — the  result  nf  thi«  prwess  of  invagination,  or  ij'ist  mint  inn  as 
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it  ia  termed,  beinp  the  formation  of  a  cup — the  gastrtda  (Fig.  7) — 

with  a.  double  wall.     The  cavity  of  the  cnp-sbai>ed  gastrula  is  the 

arckenteron  or  primitive  digestive  cavity ;  thf  opening  is  termed  the 

UaMopore,  the  outer  layer  of  the  wall  of  the 

cup   is  the   ectoderm   (or  epiblast),  the  inner 

the  cndotUrm  (or  hypoblast).     The   ectoderm 

and  endoderm  are  the  primari/ germinal  layers 

of  the  ombryo ;  from  one  or  both  of  tbem  Are 

developed    the  cells   of   a    third   layer — the 

mesoderm  (mesoblnst) — which  is  subsequently 

formed  between  them. 

This  mode  of  formation  of  the  primary 
germinal  layers  in  holoblastic  oospenns  by  a 
process  of  ga.strulation  prevails  in  a  number 
of  different  sections  of  the  animal  kingdom. 
In  many  animals,  however,  it  becomes  modi- 
fied or  dLsguised  in  various  ways ;  and  in  many 
meroblastic  oasperms  it  is  doubtful  if  there  '{dmrTiwIi^n- 

occurs  anything  of  the  nature  of  true  gastru-  }a\aio>.iipa-iitittAii- 

lation.  "M""*) 

The  cells  of  the  three  germinal  layers  give 
rise  to  the  various  organs  of  the  body  of  the  fuUy-fonuejl  nninial — 
each  layer  having  a  special  part  to  play  in  the  history  of  the  de- 
velopment. As  the  various  parts  of  the  embrjo  become  gradually 
moulded  from  the  cells  of  the  germinal  layers,  it  becomes  ovident 
on  comparison  that  their  internal  structure — the  form  and  arrange- 
ment of  their  constituent  cells — is  undeigoing  gradual  modifica- 
tions, the  nature  of  which  is  different  in  the  case  of  different  p.irts. 
A  differentuUion  of  the  cells  is  going  on  in  the  developing  lu^ns, 
resulting  in   the   formation   of  a   variety  of  different   Kinds  of 


4..  Tissues. 

The  cells  of  the  tissues  of  the  animal  body  differ  gn.'atly  in 
form  in  different  cases.  Some  are  rounded,  othoi-s  cubical,  others 
polygonal;  some  are  shaped  like  a  pynimi<l,  othei's  like  a  cone, 
others  like  a  colunm  or  cylinder;  others  are  flattfne<l  ami  tabular 
or  scale-like.  Cells  situated  on  free  surCices  are  in  numy  cilscs 
beset  at  their  free  ends  with  delicate,  hair-like  structures  or  cilia 
which  vibrate  to  and  fro  incessantly  during  the  life  of  the  cell 
(Fig.  8, «);  sonietimes  there  is  on  each  cell  a  .single,  nlatively 
long,  whip-like  cilium,  which  is  then  teniiwl  a  Jlum-lhtm-  {if.  A). 
Cells  provided  with  cilia  are  temted  eiltiitcd,  such  as  bear  tiagella 
Jiat/ellate  cells. 

Some  tissues  are  composed  entirely  of  cells.  Others,  though 
originating  from  cells  or  by  the  agency  of  cells,  consist  in  gi'eater 
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or  k'HS  measure  of  non-proUn)]asmic  matttr  formed  Iwtwucn  thf 
cells.  Tissues  compared  entirely  of  cells  take  the  form,  for  the 
most  part,  of  membranes  cmvring  various  surfaces — external  and 
internal.  Such  mem- 
branes are  known  under 
the  general  name  of 
•pltheUa(Fig.8);  they 
may  consist  of  a  single 
layer  of  cells  {a-k)  or 
may  be  many-layered 
(i):  the  former  are 
termed  nmisti-atifitd,  the 
latter  stmfi/i'frf.epithelia. 
The  cells  of  an  epithe- 
lium may  be  flattened 
(c  d),  their  edges  being 
cemented  together,  so  as 
to  i'omi  a  continuous 
iiifmbrane;  or  they  may 
l>i.'  cubical  or  cylindrical 
■  ■r  prismatic  {«,  6);  in 
the  ca-ie  of  a  stratified 
ipitheliiuii  the  cells 
may  be  of  diffei-ent 
Ibrms  in  different  strata 
(i).  The  I'Tiwforwits, which 
covers  the  outer  sur- 
face of  the  body  of  an 
animal,  is  an  example 
of  an  epithelium :  some- 
times it  is  stratified, 
sometimes  unstratified ; 
its  cells  sometimes  pos- 
!4e!js  cilia,  sometimes  are 
devoid  of  them.  Lining 
the  internal  cavities  of 
the  body  arc  layers  of 
cells,  or  epithelin,  some- 
times in  a  single  layer, 
sometimes  in  several 
layers,  sometimes  cili- 
ated, sometimes  noa- 
ciliated. 
Olandi  (Fig.  9)  are  formed  for  the  most  part  by  the  modifica- 
tion of  certain  cells  of  epithelia.  In  many  cases  a  single  cell  of  the 
epithelium  forms  a  gland,  which  is  then  termed  a  nuicefhdar  gland 
(Fig.  9.  A).     Thf  srnrfimt  (or  substance  which  it  i^  the  function  of 
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the  gland  to  form  or  collect)  gathers  in  such  a  case  in  the  interior 
of  the  cell,  and  reaches  the  surface  of  the  epithelium  through  a 
narrow  prolongation  of  the  cell  which  serves  as  the  duct  of  the 
gland  (B).  In  other  cases  the  gland  is  viulticellular — formed  of  a 
number  of  cells  of  the  epithelium  lining  a  depression  or  infolding, 
simple  or  complex  in  form,  of  the  latter  {D-G).  In  the  central 
cavity  of  such  a  gland  the  secretion  collects  to  reach  the  general 
surface  or  cavity  lined  by  the 
epithelium  through  the  paas^e 
or  diict. 

A  series  of  tissues  in  which  the 
cells  are,  in  most  instances,  sub- 
ordinate, as  regards  bulk,  to  sub- 
stances formed  between  them,  is 
the  grouji  known  as  the  con- 
DflctlTC  tlMUW,  including  gela- 
tiiunis  cotineclive  (issue,  rettform 
wn7wctive  tissue,  fibrous  connective 
tissue,  cartilage,  and  hone.  In  the 
majority  of  forms  of  connective 
tissue  the  cells  lie  embedded  in 
an  intermediate  substance  called 
the  watrit:  or  ground-substance 
of  the  connective  tissue. 

In  the  case  of  gelatinous  con- 
nective tissue  (Fig.  10)  the  ground 
substance  {ff)  is  of  a  gelatinous 
character,  sometimes  supported 
by  systems  of  Kbres  (6*),  and  the 
cells  are  usually  stellate  or  star- 
shaped  with  radiating  processes. 
Betifonn  or  reticulate  coniuctive 
tissue  (Fig.  11)  consists  of  stellate 
or  branching  cells  with  processes  ° ' 

which   are  prolonged  into  fibres 

— the  fibres  from  neighbouring  cells  joining  so  as  to  form  a  net- 
work. In  this  fonn  of  connective  tissue  there  is  no  true  ground- 
substance — the  interspaces  between  the  cells  being  filled  with 
other  tissue  elements. 

Fibrous  cnncdive  tissue,  which  is  a  very  common  fonn,  has  a 
ground-subsUince  containing  gelatin,  and  consisting  of  numerous 
hbres.  usually  arranged  in  bundles.  Thicker  yellow  elastic  fibres 
may  be  present  among  the  others,  and  may  be  so  numerous  as  to 
give  the  entire  tissue  an  elastic  character.  Associated  with  fibrous 
tissue,  and  produced  by  modification  of  its  cells  is  adipose  tissiie  or 
feU  (Fig.  12).  Fat  consists  of  masses  of  large  cells  in  which  the 
protoplasm  has  more  or  less  completely  become  replaced  by  fat. 
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the  cells  being  bound  together  into  groups  and  masses  ov  lobules 
by  means  of  fibrous  eomiective  tis 


In   the   case  of  cartilage  the  matrix   is  of  ii  timi  but  elastic 
character,  sometimes  quite  homogeneous  in  appeamnce  (hyaline 
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cartilage.  Fig.  13),  sometimes  permeated  by  systems  of  fibres  {fihro- 
cartilage,  Fig.  1 4f),  which  may  be  of  an  elastic  natme  (yd taw  clattie 
caitUage).     The  cells  are  usually  rounded,  and  an  a  rule  several 
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occur  together  in  spaces  scattered  through  the  matrix  :  sonietimes 
condensation  of  the  matrix  round  each  of  the  spaces  in  which  the 
cells  are  contained  forms  a  cell-capsule.  The  outer  surface  ia 
covered  over  by  i\  fibrous  membrane — the  penchondriion.     Carti- 


lage is  fretpiently  hanlened  by  the  deposition  in  the  nuvtrix  of  salts 
of  lime — and  is  then  known  as  calcified  carlilayf. 

In  bone  or  osseous  connective  tissue  (Fig.  15)  the  matrix  is  exceed- 
ingly dense  and  hard  owing  to  its  being  strongly  imprcgnnt<?d  with 
carbonate  and  phasphate  of  limo.     It  consists  of  numeruuu  thin 

i)lates  or  lamella-,  which  are  arranged  partly  parallel  with  the  siir- 
ftco.  partly  concentrically  around  certain  canals  (c) — the  J/meisinn 


-Uj-mlln«cinUlH(c. 


canals — in  which  bliM»d  vessels  lie.  The  cells,  (ir  lio^n-forpv.srks.  lie 
in  minute  spaces — the  Iticiina — betwei'n  the  lamella',  and  a  systeiu 
of  exceedingly  tine  channels — the  canttlkiila: — Lxtfn<l  from  lacuna 
to  lacuna,  containing  fine  protoplasmic  pntcesses  by  means  of  which 
neighbouring  cell.'*  are  jilacetl  in  communication  with  one  another. 
The  outer  surface  of  the  bone   is   covered  by  a  vascular  tibmu" 
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inembifme — the  periosteum — which  takes   an   active   ]iart  in   its 
jifniwth  and  nutritioa. 

The  Connective  tissues  are  atl  more  ur  less  passive  in  the 
functions  which  they  iwrform,  serving  mainly  for  support  and  for 
bindiag  together  the  various  organs.  Miucular  tlsinie,  on  the 
other  hand,  has  an  active  part  to 
play — this  being  the  tissue  by 
means  of  which,  in  general,  all 
the  movcmejUs  of  the  body  of 
111  animal  are  brought  abont. 
Muscular  tissue  varies  greatly  in 
minute  structure  in  different 
groups  of  animals,  and  even  in 
(iifferent  jmrts  of  the  same  ani- 
mal. It  consists  of  microscopic 
lilires  aggregated  together  into 
l.vrgt!  bimdles  or  layers.  These 
Hbros  are  conijiosed  of  a  sub- 
stance— the  m'uscle  substance — 
which  when  living  has  the  special 
property  of  contractility,  contract- 
ing or  becoming  shorter  and 
thicker  on  the  application  of  & 
atimnhis.  There  are  two  princi- 
pal varieties  of  muscular  tissue 
to  be  distinguished,  termed  re- 
spectivelyTMWi-airtrtifd  and  striated 
muscle.  Each  fibre  of  non-striated 
muscle  (Fig.  16)  is  usually  a 
single,  greatly  elongated  cell, 
sometimes  branched,  with  a  single 
nucleus:  it  may  contain  a  core 
of  unaltered  protoplasm,  or  all 
except  the  nucleus  may  be  altered 
into  muscle  substance ;  cross- 
striation  is  absent.  A  fibre  of 
striated  muscular  tissue  (Fig.  I7) 
is  formed  by  the  union  together 
of  several  cells  which  are  repre- 
sented by  their  nuclei  (n).  Some- 
times there  is  a  core  of  proto- 
plasiu ;  but  more  usually  the  entire  fibre  is  composed  of  muscle 
substance,  with  perhaia  a  remnant  of  protoplasm  in  the  neigh- 
bourhood of  each  nucleus.  The  substance  of  the  fibre  is  crowded 
by  numerous  transverse  bands  and  striie,  the  precise  significance 
of  which  is  a  matter  of  controversy.  The  fibre  is  usually  en- 
^V>^ed  in  ;i  delicate  sheath — the  sarvfhvimfi.     .Striated  muscular 
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tissue  is  specially  characteristic  of  parts  in  which  rapid  movement 
is  nccosaar)-. 

The  principal  elements  of  nerrous  tlwue  are  nerve  cells  and 
nerve  fibres. 

Nerve  cells  (Fig.  18)  vary  greatly  in  form;  they  are  relatively  large 


cells  with  largo  nuclei,  and  one  or  several  processes  produced  into 
nervf  fibres. 

The  nerve  fibres  (Fig.  19),  which  are  to  be  looked  upon  as  greatly 
produced  processes  of  nen'c  cells,  are  arranged  for  the  most  [jart 
in  strands  which  are  termed  nerves.  The  fibres  themselveH  vary 
greatly  in  structure  in  different  classes  of  animals.  In  the  higher 
animals  the  most  characteristic  form  of  nerve  fibre  is  that  which  is 
termed  the  mcdullatcd  nerve-fibre.  In  this  there  is  a  central  cylinder 
— the  tu.-M-c//linder  or  neuravis  (A. an) — which  is  the  essential  part 


si 


,1  '/I 


of  the  fibre,  and  is  made  up  of  numerous  extremely  fine  jn-imUive 
fibrUUc',  this  is  surrounded  by  a  layer  of  a  white  glistening 
material — the  vyhiie  substance  of  Schrann  or  medullary  xheath 
{med),  enclosed  in  turn  in  a  very  delicate  membrane — the 
neurilemma  (ticttr). 

The  blood,  the  lymph,  and  other  similar  fluids  in  the  body  of  an 
animal  may  Ik-  looked  iijion  as  liquid  tlMiiei.  having  certain  cells 


— the   corpuscles — disseminated    through   a  liquid  plasma,  which 
takes  the  place  of  the  ground  substance  of  the  connective  tissues. 


In  11  large  jiiiifHirtioii  of  cases  such  corpuscles  are  similar  to 
Amoeba;  in  their  t'onn  and  movements  (innahoid  corpuscles,  Inicc- 
cytcs).  In  the  blood  of  Vertehnites  Iciicocj'tes  occur  along  with 
coloured  corpuscles  of  definite  shajie  containing  the  red-colouring 
matter  (hcevwglobin)  of  the  blood.  The  leucocytes  are  able  like 
Anneba;  to  ingest  solid  particles,  and  under  certain  conditions  a 
number  of  them  may  unite  to- 
gether to  form  a  single  mass  of 
protoplasm,  with  many  nuclei, 
termed  a  plasmodiuin. 

The  characteristic  cells  of  the 
reproduotlTe  tiuues  are  the  ova 
and  the  ^ermatozoa  or  sperms.  The 
ova  (Fig.  41,  when  fully  formed,  are 
relatively  large,  usually  spherical 
cells,  sometimes  composed  entirely 
of  protoplasm,  sonietimes  with  an 
addition  of  nutrient  ^'ooi^.yoM'.  Each 
ovum,  OA  alrea/Jy  mentioned,  en- 
closes a  large  nucleus  (geniiinal 
vesicle)  and  in  the  interior  of  that 
one  or  more  nucleoli  or  gerviituU 
sj'ots.  The  sperms  (Fig.  20)  are 
ixtreniely  minute  bodies,  nearly 
always  motile,  u.sually  slender  and  whip-like,  tapering  towards 
one  extremity,  and  commonly  with  a  roimded  head  at  the  other. 
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The  sperms  are  developed  by  a  succession  of  cell -divisions  from 
certain  cells — the  primitive  male  cells — similar  in  character  to 
immature  ova. 

5.  Organs. 

The  chief  systems  of  organs  of  an  animal  are  the  integuvien- 
tary,  the  skeletal ^  the  muscular,  the  alimentai^  or  digestive,  the 
vascular,  the  respiratory,  the  iici^vous,  the  cxcretm^y,  and  the  repro- 
dttctive. 

The  skin  or  integument  consists  in  the  majority  of  animals 
of  a  cellular  membrane — the  epidermis — to  which  reference  has 
already  bieen  made,  with,  superficial  to  it,  in  many  animals  a  non- 
cellular  layer  the  cuticle,  and  below  it  usually  a  fibrous  layer  which 
is  known  as  the  dermis.  The  epidermis  mav  consist  of  a  single 
layer  or  may  be  stratified ;  it  is  frequently  ciliated,  and  some  of 
its  cells  frequently  assume  the  form  of  unicellular  glands.  Modi- 
fication of  its  superficial  layers  of  cells  gives  rise  frequently  to  the 
formation  of  hard  structures  contributing  to  the  development  of 
an  exoskeleton  {vide  infra). 

The  cuticle,  when  present,  varies  greatly  in  thickness  and  con- 
sistency. Sometimes  it  is  very  thin  and  delicate;  in  many 
animals  it  becomes  greatly  thickened  and  hardened  so  as  to  form 
a  strong  protecting  crust,  sometimes  of  a  material  termed  chitin, 
somewhat  akin  to  horn  in  consistency,  sometimes  solidified  by  the 
deposition  of  calcareous  salts.  The  cuticle  is  to  be  looked  upon  as 
a  secretion  from  the  cells  of  the  epidennis;  but  the  term  is 
frequently  applied  in  the  case  of  the  higher  animals,  in  which  a 
cuticle  in  the  strict  sense  of  the  term  is  absent,  either  to  a  super- 
ficial part  of  the  epidermis,  in  which  the  cells  have  become  altered 
and  homy,  or  to  the  whole  of  that  layer. 

The  layer  or  layers  of  the  integument  situated  beneath  the 
epidermis  consist  of  fibrous  connective  tissue  and  muscular  fibres, 
constituting  the  demn  or  dermis. 

The  term  skeleton  or  skeletal  system  is  applied  to  a  system 
of  hard  parts,  external  or  internal,  which  serves  for  the  protection 
and  support  of  softer  organs  and  often  for  the  attachment  of  muscles. 
This  system  of  hard  parts  may  be  external,  enclosing  the  soft 
parts,  or  it  may  lie  deep  within  the  latter,  covered  by  integument 
and  muscles :  in  the  former  case  it  is  tenned  an  exoskeleton  or 
external  skeleton ;  in  the  latter  an  endoskelcton  or  internal  skeleton. 
In  many  groups  of  animals  both  systems  aie  developed.  An 
exoskeleton  is  formed  by  the  thickening  and  hardening  of  a  part 
or  the  whole  of  one  of  the  layers  of  the  integument  enumerated 
above ;  or  more  than  one  of  these  layers  may  take  part  in  its 
formation.  In  many  invertebrates  animals,  such  as  Insects, 
Cnistaceans,  and  Molluscs,  it  is  a  greatly  thickened  and  hardened 
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ciiticlt  which  t'onns  the  exoskeleton.  The  horny  spules  of  Reptit<.*»«  I 
the  feathers  of  Birds,  and  the  fur  of  Mammals  nre  examplee  o(*l 
an  exoskeleton  derived  from  the  epiHermia,  while  the  bony  | 
shell  of  Tnrtlea  and  the  bony  scales  of  Fiahea  are  exaniples  > 
dermal  exoskeleton.  ; 

When  an  etuiostcekiim  is  present,  it  usually  consists  either  of  I 
cartilage  or  Ixine  or  of  both ;  but  sometimes  it  is  composed  of  I 
numerous  minute  bodies  (spiciiUs)  of  carbonate  of  lime  or  of  r  " 
siliceous  material. 

A  skeleton,  whether  internal  or  external,  is  nsuidty  composed  i 
of  a  number  of  pieces  which  arc  movably  articulated  together,  , 
and  which  thus  constitute  a  system  of  jointed  levers  on  which  the  ^ 
muscles  act. 

The  alimentary  or  digeitlve  lyitem  consists  tif  a  cavity  or  1 
system  of  cavities  into  which  the  foixl  is  received,  in  which  it  i»  f 
digested,  and  through  the  wall  of  which  the  nutrient  mattcra  ar»  1 
absorbed  ;  together  with  certain  glands.  I 

In  the  lowest  groups  in  which  a  distinct  ttlimentai-y  or  entenc  cavity  I 
is  present  it  is  not  distinct  from  the  general  cavity  of  the  body,  I 
but  in  all  higher  forms  there  is  an  enteric  canal  which  is  sub-  J 
pended  within  the  cavity  of  the  both',  and  the  lumen  of  which  is  I 
completely  shut  off  from  the  latter.  It  may  have  simply  the  form  of  i 
a  sac  or  bag  with  a  single  opening  which  serves  both  as  maith  and  T 
anus ;  in  other  cases  the  sac  becomes  branched  and  may  take  the 
fonu  of  a  system  of  branching  canals.  In  most  animals,  however,  , 
the  alimentary  canal  has  the  fonn  of  a  longer  or  shorter  tube  | 
beginning  at  the  mouth  and  ending  at  the  anal  opening  (Fig.  21).  , 
In  most  cases  there  are  organs  in  the  neighbourhood  of  the  mouth 
serving  for  the  seizure  of  food  :  these  may  be  simply  (mtaelen  or  , 
soft  finger-like  appendages,  or  they  may  have  the  form  of  Ja-wf,  by  i 
means  of  which  tlie  food  is  not  only  seized  but  torn  to  pieces  or  J 
jiounded  up  to  small  fragments  in  the  process  of  mastication.  The  j 
alimentary  canal  itself  is  usually  divided  into  a  number  of  regions  j 
which  differ  both  in  structure  and  in  function. 

In  general  there  may  be  said  to  be  three  regions  in  the  ali- 
mentary canal — the  innestive,  the  digestive  and  absorbent,  and  the  J 
egesiive  or  efferent.  The  ingesiive  region  is  the  part  following'  j 
behind  the  mouth,  by  which  the  food  reaches  the  digestive  and  J 
absorbent  regiou.  But,  besides  serving  as  a  passage,  it  may  also  J 
act  as  a  region  in  which  the  food  undergoes  certain  proct«se8,J 
chiefly  mechanical,  which  prepare  it  for  digestion.  This  ingcfitive  J 
region  may  comprise  a  ino-uth  mvHy  or  buccal  cnvity,  a  pharynx,  i 
an  cesophagiis  or  guild,  with  sometimes  a  muscnlar  gizzai-d,  which  ' 
may  be  provided  with  a  system  of  teeth  for  the  further  breaking-  1 
up  of  the  food,  and  sometimes  a  crtjp  or  food-pouch. 

The  digestive  and  ahsorbent  region  i^  the  part  in  which  the  , 
chemical  processes  of  digestion  go  on,  and  from  which  takes  place-  1 
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the  iibsorption  of  the  digesteH  food -substances.  Intu  this  part  iirt> 
poured  the  secretions  of  the  various  di^slive  glands',  which  act  on 
the  ditferent  ingredients  of  the  food  so  as  to  render  them  more 
soluble.  Through  the  lining  membrane  of  this  part  the  digested 
nutrient  matter  passes,  to  enter  the  blood  system.  This  region 
may  present  a  number  of  different  parts ;  nearly  always  there  are 
at  least  two — a  wide  sac,  the  stomach,  and  a  narrow  tube,  the 
irUfstine. 

The  tgidivc  or  rfferent  part  of  the  alimentarj'  cjinal  is  the 
posterior  part  of  the  intestme  in  which  digestion  and  absori)tion 
do  not  go  on,  or  only  go  on  to  a  limited  extent,  and  which  server 
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merely  for   the    passage   to   the  ana!   opening   of  the  faxa    or 
nnabsorbed  effete  matters  of  the  food. 

The  whole  of  the  interior  of  the  alimentary'  canal  is  lined 
by  a  laver  of  cells — the  alimentary  or  fnttrie  epithelium.  The 
fonn  am!  iimtngement  of  the  cells  uf  this  epithelium  vary  greatly 
in  different  groups  of  animals.  Usually,  tht-v  are  vertically 
elongated,  prismatic,  or  cf)luninar,  or  pjTamidal  in  shape ;  fre- 
(luently  they  are  ciliated.  In  some  lower  fonns,  the  cella  lining 
tne  alimentary  cavity  have  the  power,  like  Aniosba.  of  thrusting 
forth  proces,sea  of  their  pmtoplasm  (Fig-  f*,  A),  and  of  taking  minute 
particles  of  food  into  their  interior  to  become  digested  and  absorbed 
{inli-acellular  dijeslion).  Sometimes  they  are  all  more  or  less 
active  in  secreting  a  fluid  destined  to  act  on  the  food  and  render 
it  more  S4>luble  ;  wometime.s  this  fiinction  is  conBned  to  certain  of 
the  cells,  which  have  a  si>ecial  form  :  very  often  the  secreting  cells 
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lino  special  little  pouch-like,  simple  or  branched  glands,  opening 
by  a  passiige  or  duct  into  the  main  cavity  of  the  alimentary 
canal.  Besides  these  glands  formed  from  specially  modified  cells 
of  the  enteric  epithelium  there  are  nearly  always  present  certain 
large  special  glands,  separate  from  the  alimentary  canal  itself  but 
opening  into  it  by  means  of  ducts.  Of  these  the  most  generally- 
occurring  are  the  glands  termed  salivary  glands,  livery  and  pancreas. 
The  suHvari/  glaiuis  have  the  function  of  secreting  a  fluid  called 
the  saliva,  which,  in  many  cases  at  least,  has  a  special  action  on 
staivhy  mattei-s,  converting  them  into  sugar.  The  ducts  of  these 
glands  open  always,  not  into  the  digestive,  but  into  some  part 
of  the  ingestive  part  of  the  alimentary  system. 

The  most  important  function  of  the  liver — properly  so  called — 
is  one  distinct  from  the  process  of  digestion ;  its  secretion — the 
Idle — htis,  however,  at  least  a  mechanical  effect  on  this  process, 
and  assists  the  secretion  of  the  pancreas  in  its'  effects  upon  fat. 
In  lowor  forms  the  organ  to  which  the  term  liver  is  commonly  applied 
appears  in  many  cases  to  combine  the  functions  of  a  true  liver 
with  that  of  a  pancreas,  and  is  thus  more  appropriately  termed 
hqmto- pancreas  or  liver-jyancfxas. 

The  pancreas  secretes  a  fluid — the  pancreatic  juice — which  has  a 
very  important  effect  in  digestion.  It  renders  substances  of  the 
nature  o{  albumins  soluble  by  converting  them  into  modiflcations 
Un-nwil 2)cpfones ;  it  converts  starch  into  the  soluble  substance  sugar ; 
it  acts  on  fatty  matters  in  such  a  way  as  to  convert  them  into 
cmvhujHs  which  are  capable  of  being  taken  up  and  absorbed,  and 
it  effects  the  splitting  up  of  part  of  the  fat  into  fatty  acids  and 
glycerine. 

When  the  food  has  been  acted  on  by  the  various  digestive 
secretions,  the  soluble  part  of  it  is  fitted  to  be  taken  up  and 
absorbetl  through  the  wall  of  the  alimentary  canal  into  the  blood 
(in  animals  in  which  a  blood-system  exists),  or  into  the  fluid 
which  takes  its  place.  In  the  higher  animals  a  part  of  the 
soluble  n)atter  of  the  food  passes  directly  into  the  blood  contained 
in  the  blood-vessels ;  while  another  part  is  taken  up  by  a  set  of 
special  vessels,  the  lacteals,  which  are  a  part  of  the  l}'mphatic 
svstem,  and  reaches  the  blood  indirectlv. 

In  some  of  the  lower  groups  of  animals  there  is  no  system  of  blood- 
vesselSy  and  the  nutrient  matter  of  the  food,  absorbed  through 
the  alimentary  canal  merely  i)asses  from  cell  to  cell  throughout 
the  body,  or  is  received  into  a  space  or  series  of  spaces  containing* 
fluid  intervening  between  the  alimentary  canal  and  the  wall  of 
the  body.  But  in  the  majority  of  animals  there  is  a  system  of 
branching  tubes  ccmtaiuing  a  special  fluid — the  hlood — and  it  is 
into  this  that  the  nutrient  matter  absorbed  from  the  food  sooner 
or  later  finds  its  way.  The  blood  has  for  one  of  its  principal 
functions   the    convevance    of    the    nutrient   matters   from    the 
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alimentary  canal  throughout  the  body,  so  that  the  various  organs 
may  select  from  it  the  material  which  they  require  for  the  carrying 
on  of  their  functions.  To  carry  out  this  oflfice  the  blood  is  contained 
in  a  complicated  system  of  branching  tubes  or  blood-vessels. 

The- essence  of  the  process  of  respiration^  as  we  have  already 
seen,  is  an  interchange  of  oxygen  and  carbonic  acid,  which  goes  on 
between  the  tissues  of  an  organism  and  the  surrounding  medium, 
whether  air  or  water.  During  the  vital  changes  which  go  on  in 
the  bodies  of  all  animals,  as  in  Amoeba,  oxygen  is  constantly 
being  used  up  and  carbonic  acid  being  formed.  The  necessary 
supply  of  oxygen  has  to  be  got  from  the  air,  or,  in  the  case  of 
aquatic  animals,  from  the  air  dissolved  in  the  surrounding  water. 
At  the  same  time  the  carbonic  acid  has  to  be  got  rid  of  In  the 
lowest  animals — as  for  instance  Amoeba,  and  many  of  higher 
organisation — the  oxygen  passes  inwards  and  the  carbonic  acid 
outwards  through  the  general  surface  of  the  body.  But  in  the 
great  majority  of  animals  there  is  a  special  set  of  organs — the 
organs  of  respiration — having  this  particular  function.  In  some 
animals  these  organs  of  respiration  are  processes,  simple  or 
branched,  lined  by  a  very  delicate  membrane,  and  richly  supplied 
with  blood-vessels.  Such  processes  are  called  gills  or  hraiichicc ; 
they  are  specially  adapted  for  the  absorption  of  oxygen  dissolved 
in  water. 

In  other  animals  the  oxygen  is  obtained  directly  from  the  air ; 
and  in  such  air-breathing  forms  the  organ  of  respiration  is  very 
often  a  sac,  either  simple  or  compound,  termed  a  lung.  The 
interior  of  this  sac  is  lined  with  an  epithelium  of  extreme  delicacy, 
immediately  outside  of  which  is  a  network  of  microscopic  blood- 
vessels or  capillaries  with  thin  walls,  and  the  oxygen  reaoily  passes 
from  the  air  in  the  cavity  of  the  lung  through  the  membrane  and 
the  thin  wall  of  the  blood-vessel  into  the  blood.  In  other  air- 
breathing  forms  the  organs  of  respiration  are  trachew,  which  are 
ramifying  tubes,  by  means  of  which  the  air  is  conveyed  to  all  parts 
of  the  body.  In  such  forms,  of  which  the  Insects  are  examples,  the 
air  is  conveyed,  by  means  of  these  tubes,  from  openings  on  the 
surface  of  the  body  to  all  parts,  and  respiration  goes  on  in  all  the 
orrans. 

In  order  that  the  air  or  water  in  contact  with  the  surface  of  the 
lungs  or  gills  may  be  renewed,  there  are  usually  special  mechanical 
arrangements.  In  many  gill-bearing  animals  the  gills  are  attached 
to  the  legs,  and  are  thus  moved  about  when  the  animal  moves  its 
limbs.  In  others  certain  of  the  limbs  are  constantly  mo\4ng  in 
such  a  way  as  to  cause  a  current  of  water  to  How  over  the  gills. 
In  air-breathing  forms  there  is  usually  a  pumping  apparatus,  by 
means  of  which  the  air  is  alternately  drawn  into  and  expelled 
from  the  lungs. 

In  a  great  number  of  animals  there  is  in  the  blood  a  substance 
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called  hwmoglolnn,  which  has  a  strong  affinity  for  oxygen ;  and  the 
oxygen  from  the  air,  when  it  enters  the  blood,  enters  into  a  state 
of  loose  chemical  combination  vnih  it.  In  this  state,  or  simply 
dissolved  in  the  fluid  plasma  of  the  blood,  the  oxygen  is  conveyed 
throughout  the  body. 

Thus  the  blood,  besides  receiving  the  solid  and  liquid  food  from 
the  alimentary  canal  and  carrying  it  throughout  the  body  for 
distribution,  receives  also  the  oxygen  or  gascovs  food,  and  supplies 
it  to  the  parts  requiring  it.  In  all  parts  of  the  body  in  wnich 
vital  action  is  taking  place  chemical  changes  are  constantly  going 
on.  These  chemical  changes  in  the  tissues,  having  for  their  result 
the  production  of  heat,  of  motion,  secretion,  and  nerve-action,  are 
for  the  most  part  of  the  nature  of  oxidations,  and  involve  a  constant 
consumption  of  oxygen,  while  a  product  which  becomes  formed  as 
a  result  of  this  action  is  carhoni-c  add  gas. 

To  carry  out  all  the  functions  which  it  has  to  perform  as  a 
distributor  of  nourishment  and  oxygen,  and  a  remover  of  carbonic 
acid,  the  blood  has  to  be  moved  about  through  the  vessels — ^to 
circulate  throughout  the  various  organs.  In  the  lowest  forms  in 
which  a  definite  blood-system  is  to  be  recognised,  this  movement 
is  effected  in  great  measure  by  the  general  movements  of  the 
body  of  the  animal.  In  others  certain  of  the  vessels  contract  and 
drive  the  blood  through  the  system ;  such  contractions  are  of  a 
peristaltic  character,  the  contractions  being  of  the  nature  of  con- 
strictions running  in  a  definite  direction  along  the  course  of  the 
vessel  with  an  effect  similar  to  that  produced  by  dniwing  the  hand 
along  a  compressible  india-rubber  tube. 

In  all  higher  fornis  the  movement  of  the  blood  is  effected  by 
means  of  a  special  organ — the  h4:art.  The  heart  is  a  muscular 
organ  which  by  its  contractions  forces  the  blood  through  the 
system  of  vessels.  In  its  simplest  form  it  usually  consists  of  two 
chambers,  both  with  muscular  walls, — the  one,  called  the  auricle^ 
receiving  the  blood  and  driving  it  into  the  other,  which  is  called 
the  veiUmclc.  The  latter,  in  turn,  when  it  contracts,  drives  the  blood 
through  the  vessels  to  the  various  parts  of  the  body — the  return 
of  the  blood  backwards  to  the  auricle  from  the  ventricle  being 
prevented  by  the  presence  of  certain  valves,  which  act  like  folding 
doors  opening  from  the  auricle  towards  the  ventricle,  but  closing 
when  pressure  is  exerted  in  the  opposite  direction.  In  the  higher 
animals  the  heart  becomes  a  more  complex  organ  than  this,  with  a 
larger  number  of  chambers  and  a  more  elaborate  system  of  valves. 

Carbonic  acid,  as  already  mentioned,  is  a  waste-product  con- 
stantly being  produced  in  the  tissues,  and  being  carried  off*  by  the 
blood  to  pass  out  by  the  gills  or  lungs.  Besides  the  carbonic 
acid,  there  are  constantly  being  formed  waste-substances  of  another 
class — viz.,  substances  c(>ntaining  nitrogen,  of  which  uric  acid  and 
urea  are  the  princi})al  ultimate  forms.     These  are  separated  from 
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the  blood  and  thrown  out  of  the  body  by  a  distinct  set  of  organs 
called  renal  organs^  or  organs  of  urinary  excretion.    The 

form  of  these  organs  varies  greatly  in  the  difiFerent  groups: 
in  many  cases  they  are  more  or  less  intimately  connected  with 
the  genital  system. 

In  place  of  the  simple  contractions  and  extensions  of  the  proto- 
plasm which  constitute  the  only  movements  of  Amoeba,  the  higher 
animals  are  capable  of  complex  and  definite  movements.  These 
are  brought  about  by  the  agency  of  a  set  of  organs  termed  the 
mnsclef.  A  muscle  is  a  band  or  sheet  of  muscular  fibres 
endowed  in  the  living  state  with  the  property  of  contractility ^  by 
virtue  of  which,  when  stimulated  in  certain  ways,  it  contracts  in 
the  direction  of  its  length,  becoming  shortened,  and,  at  the  same 
time,  thickened  (Fig.  22).     The  extremities  of  the  muscle  are 


Fia  32.— BoDM  of  the  human  arm  and  forewum  with  the  biceps  muscle,  showing  the  shortening 
and  thickening  of  the  muscle  during  contraction  and  the  consequent  change  in  the  relative 
position  of  the  bones — viz.  .flexion  of  the  fore-arm  on  the  upper  arm.  (From  Iluuey's  Phtftiology.) 

frequently  composed,  not  of  contractile  muscular  fibres,  but  of  a 
form  of  strong  fibrous  connective  tissue — the  tendon  of  the  muscle. 
The  ends  of  the  muscle  are  usually  firmly  attached  to  two  different 
parts  of  the  jointed  framework  or  skeleton,  extemal  or  internal, 
and,  when  the  muscle  contracts  and  becomes  shortened,  these  two 
parts  are  drawn  nearer  to  one  another. 

In  all  but  the  most  lowly-organised  animals  there  is  a  system 
of  organs — the  nenrous  lyitem — by  means  of  which  a  communi- 
cation is  effected  between  the  various  parts  of  the  body,  enabling 
them  to  work  in  harmony,  and  by  means  of  which  also  a  communi- 
cation is  established  between  the  organism  and  the  extemal  world, 
The  two  essential  elements  of  the  nervous  system — the  nerve-cells 
and  nerve-fibres — have  a  regular  arrangement  which  varies  in  the 
different  animal  types,  both  as  regards  structural  details  and  the 
relations  borne  to  the  other  systems  of  organs :  but  there  are 
always  to  be  recognised  two  chief  parts  or  sets  of  parts — the 
central  and  the  pcriphcraL 
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The  central  pniis  of  the  nervous  system  consist  (Fig.  23)  of 
certain  aggregations  of  nerve  matter,  known  as  nerve-ganglia, 
containiog  a  large  number  of  nerve-cells  ;  when  a  relatively  large 
mass  of  this  matter  is 
collected  together  it  is 
termed  the  hrain.  To  or 
from  these  central  parts 
pass  all  the  systems  of 
nerve-fibres,  constituting 
the  jjf  njjAcra/  part  of  the 
system  ;  the  former  have 
the  office  both  of  re- 
ceiving impressions  con- 
veyed by  the  nerve-fibres 
from  the  surface,  from 
the  organs  of  special 
sense,  and  from  the  in- 
ternal organs,  and  of 
sending  off  messages 
thruugfa  similar  channels 
to  the  various  parts  of 
the  body,  to  muscles,  to 
glands,  to  alimentary 
canal,  and  to  vascular 
system.  UTien  a  move- 
ment is  to  be  effected 
a  message  passes  from 
the  nerve-centre  along  a 
nervy-fibre  to  a  muscle 
and  causes  it  to  contract ; 
when  an  organ  requires 
the  amount  of  blood  sup- 
plied to  it  to  be  in- 
crea.'^cd  or  diminished  a 
message  is  conveyed 
along  a  nerve-fibre  and 
causes  the  dilatation  or 
contraction  of  the  blood- 
vessels of  the  part ;  and 
a  similar  initiatory  or 
controlling  influence  is 
exerted  over  the  activitiea 
of  all  the  organs. 
In  certain  groups  of  animals  all  the  impressions  from  the 
external  world  are  received  through  the  integument  of  the  general 
surface,  and  this  is  the  case  in  all  animals  with  the  general 
impressions  of  touch  and  of  heat  and  cold.     The  sensitiveness  of' 
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the  integument  to  such  general  impressions  may  be  increased  by 
the  presence  in  it  of  a  variety  of  tactile  papillae  or  corpuscles 
having  nerve-fibres  terminating  in  them.  In  most  animals,  how- 
ever, there  are  certain  organs,  the  organs  of  special  sense, 
adapted  to  receiving  impressions  of  special  kinds — eyes  for  the 
reception  of  the  impressions  produced  by  light,  ears  for  the  recep- 
tion of  those  produced  by  the  waves  of  sound,  olfactory  orgaTis  or 
organs  of  smell,  and  g^icstatory  organs  or  organs  of  taste.  The  most 
rudimentary  form  of  eye  is  little  more  than  a  dot  of  pigment 
which  absorbs  some  of  the  rays  of  bright  light — these  producing 
a  nerve-disturbance  in  certain  neighbouring  nerve-cells.  To  this 
may  be  added  clear,  highly-refracting  bodies  which  intensify  the 
effect.  In  the  higher  types  of  eye  there  are  the  same  essential 
parts — the  clear,  highly-refracting  substance,  the  pigment  and  the 
nerve-cells ;  but  each  has  undergone  a  development  resulting  in 
the  construction  of  an  organ  adapted  to  the  reception  of  light- 
impressions  of  a  very  definite  character.  The  highly-refracting 
body  assumes  the  form  of  a  leiis  for  the  focussing  of  the  light-rays ; 
the  nerve-cells  are  arranged  in  a  regular  layer,  the  retina,  from 
which  nerve-fibres  pass  to  the  central  part  of  the  nervous  system ; 
the  pigment  is  so  arranged  as  to  absorb  the  light  rays  and  prevent 
their  passage  beyond  the  retina,  and  in  certain  cases  lines  also  a 
diaphragm,  the  iris,  with  a  central  aperture  through  which  the 
rays  of  light  are  admitted  to  the  central  parts  of  the  eye.  In 
some  animals  (Insects,  Crustacea)  the  eye  consists  of  a  very  large 
number  of  independent  elements,  each  with  its  refiw;ting  apparatus, 
its  nervous  element,  and  its  absorbing  pigment. 

The  ear  in  its  simplest  form  is  a  membranous  sac  or  otocyst  with 
internally  projecting  stiff  cilia,  and  containing  a  liquid  in  which 
thjere  lie  a  number  of  particles  of  carbonate  of  lime.  The  sound- 
waves evidently  set  in  vibration  the  liquid  and  its  contained  cal- 
careous particles,  and  by  means  of  these  vibrations  acting  on  the 
cilia,  an  impression  of  a  definite  character  is  produced  in  the  cells 
of  a  neighbouring  nerve-ganglion.  In  higher  forms  the  apparatus 
for  receiving  the  vibrations  becomes  extremely  complex,  and  there 
is  elaborated  a  nervous  mechanism  by  which  sounds  of  different 
pitch  and  intensity  produce  impressions  of  a  distinct  character. 
The  organ  of  hearing  frequently  assumes  the  additional  function 
of  an  organ  ministering  to  the  sense  of  rotation  and  thus  has  an 
important  part  to  play  in  the  maintenance  of  the  equilibrium  of 
the  body. 

The  essential  elements  of  the  reproductive  organs — the  ova 
and  spermatozoa — have  already  been  briefly  alluded  to  (p.  28). 
The  ova  are  developed  in  an  organ  termed  the  ovary,  and  the 
sperms  in  an  organ  termed  the  spennary  or  testis.  Sometimes 
ovaries  and  testes  are  developed  in  the  same  individual,  when  the 
arrangement  is  termed  monoeci&us  or  hermaphrodite ;  sometimes 
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the  ovaries  occur  in  one  set  of  individuals — the  females — and  the 
testes  in  another  set — the  males,  when  the  term  unisexual  or 
dioecious  is  employed.  Very  frequently  the  male  diflTers  from  the 
female  in  other  respects  besides  the  nature  of  the  reproductive 
elements — in  size,  colour,  and  the  like ;  when  such  diflferences  are 
strongly  marked  the  animal  is  said  to  be  sensually  dimorphic.  The 
ova  and  sperms  are  usually  conveyed  to  the  exterior  by  canals 
or  ducts — the  ovarian  ducts  or  ov^iducts,  and  the  testicular  ducts, 
spcrmidicctSy  or  vasa  deferentia.  In  some  instances  the  ova  are 
impregnated  after  being  discharged  from  the  oviducts,  and  the 
development  of  the  young  takes  place  externally ;  in  other  cases 
the  impregnation  takes  place  in  the  oviduct,  and  the  young 
become  fully  developed  in  the  interior  of  a  special  enlargement 
of  the  oviduct  termed  the  uterus.  In  the  former  case  the  animal 
is  said  to  be  oi-iparotiSy  in  the  latter  vivij>arous ;  but  there  are 
numerous  intermediate  gradations  between  these  two  extremes. 

6.  The  Reproduction  of  Animaus. 

In  a  limited  number  of  groups  of  animals  reproduction  takes 
place  by  means  of  cells  corresponding  to  ova  developed  in  organs 
similar  to  ovaries,  but  without  impregnation  by  means  of  sperms. 
This  phenomenon  is  known  as  parthenogeneds. 

Besides  the  sexual  process  of  reproduction  by  means  of  ova  and 
spermatozoa,  there  are  in  many  classes  of  animals  various  asexual 
modes  of  multiplication.  One  of  these — the  process  of  simple 
fission — has  been  already  noticed  in  connection  with  the  reproduction 
of  Amoeba.  The  formation  of  s2yorcs  is  an  asexual  mode  of  multi- 
plication which  occurs  only  in  the  Protozoa,  and  will  be  described 
in  the  account  of  that  group.  Multiplication  by  budding  t^kes 
place  in  a  number  of  different  classes  of  animals.  In  this  form  of 
reproduction  a  i)rocess  or  hud  (Fig.  24,  hd)  is  given  off  from  some 
part  of  the  parent  animal ;  this  bud  sooner  or  later  assumes  the 
form  of  the  complete  animal,  and  may  become  detached  from 
the  parent  either  before  or  after  its  development  has  been 
completed,  or  may  remain  in  permanent  vital  connection  with  the 
parent  form. 

When  the  buds,  after  becoming  fully  developed,  remain  in  vital 
continuity  with  the  parent,  a  sort  of  compound  animal,  consisting 
of  a  greater  or  smaller  number  of  connected  units,  is  the  result. 
Such  a  compound  organism  is  termed  a  colony,  and  the  comi)onent 
units  are  termt»d  zooids.  In  some  cases  such  a  colony  is  produced 
by  a  process  which  is  more  correctly  termed  incomplete  fission 
than  budding. 

Alternation  of  generations ;  heterogamy;  psBdogenesis. — 
In  the  life-history  of  a  considerable  number  of  animals,  a  stage  in 
which  reproduction  takes  place  by  a  process  of  budding  or  fission 
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alternates  with  a  stage  in  which  there  occurs  a  true  sexual  mode 
of  reproduction.  Such  a  phenomenoii  is  termed  alternation  of 
gtneratums  or  victagenesis.  The  term  heterogamy  is  applied  to 
cases  in  which  two  diflferent  sexual  generations — usually  a  true 
sexual  and  a  parthenogcnetic — alternate  with  one  another. 
PcedogeTueis,  or  the  development  of  young  by  a  sexual  process  from 


Pio.  14.— Frwb-nter  pulypa  (HTdnX  two  niKtmani,  the  out  eipuided,  the  othar  «mtncted 
fihowlug  TDUldplicwDU  by  budding.  frtLl  M.1  W.I  buda  Innrioua  «tig«  of  giYtwIb.  {Fratu 
Pirkcr'j  SiolBtf.y 

in<lividual8   that   have   not   attained   the   adult   condition,  is    n 
phenomenon  which  is  to  be  observed  in  some  groups  of  animals. 


7.  Symmetry. 

The  general  disposition  or  17111010117  of  the  parts  in  an  animal 
presents  two  main  modifications — thu  radial  and  the  bilateral. 
The  f/atirula  (p.  2 1)  is  the  simplest  and  most  genoraliscrl  form  among 
multicellular  animals  or  Metazoa ;  but  no  adult  animal  retains 
this  simple  shaiK-.  In  the  gastrula  we  may  imagine  a  centra) 
primary  axis  (Fig.  25,  Ali)  passing  through  the  middle  of  the  blas- 
topore and  of  the  archent^'ric  cavity,  and  a  series  ot  secondary  a.'VS 
(ab,  ctl,)  running  at  right  angles  to  this  to  the  outer  surface.  In  a 
symmetrical  gastrula  the  secondary  axes  would  be  all  equal.   Many 


animals  are  in  the  adult  condition  similar  in  their  s^imnetry  to  tlie 
gastnila,  except  that  there  are  special  developments  along  a  series 
of  regularly  arranged  radiating  secondary  axes ;  these  radio] 
developments  may  be  in  the  form  of  tentacles  or  radially  arranged 
processes  (Fig.  26),  or  may  assume  the  character  of  a  radial  arrange- 
ment of  internal  parts.  Such  an  animal  is  said  to  be  radially 
s^metrical.   The  oody  of  a  radially  symmetrical  animal  is  capable 


,lSvm  GegHnbaur.) 


of  being  divided  into  a  series  of  equiJ  radial  parts  or  antmeres, 
each  of  which  is  symmetrically  disposed  with  regard  to  one  of  the 
secondary  or  radial  axes. 

In  animals  which  are  not  permanently  fixed,  locomotion  usually 
takes  place  in  the  direction  of  the  primary  axis  of  the  body,  and 
one  side,  habitually  directed  downwards,  becomes  modified  differ- 
ently from  the  other  which  is  habitually  directed  upwards ;  a  Uncer 
or  veiUral  surface  becomes  distinguish  able  from  an  w^ipcr  or  dorsaL 
The  radial  symmetfj'  now  becomes  disturbed ;  the  secondary  axes 
have  become  unequal ;  the  dor30-ve7Ural  or  vertical  secondary  axes 
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are,  to  a  greater  or  less  extent,  different  from  the  transtrrsf  or 
horizofUaJ  secondan'  axes,  and  the  body  of  an  animal  having  such 
a  disposition  of  the  parts  is  divisible  into  two  equal  lateral  halves 
or  hemisanus  by  a  median  vertical  plane  passing  through  the 
primarj'  axis.  This  is  the  bilateral  symnutrif  obser\'able  in  all  but 
a  few  types  of  animals. 

Sometimes  the  bilateral!}'  s}7nmetrical  animal  is  unsegmented ; 
sometimes  it  is  diWded  into  a  series  of  segments  or  nuta  meres. 
A  distinct  head  may  be  present  or  absent  The  head  end  or 
anterior  end  is  that  which,  save  in  exceptional  cases,  is  directed 
forwards  in  locomotion.  It  is  towards  this  end  that  the  organs  of 
special  sense  are  situated,  as  well  as  the  opening  of  the  mouth  and 
tne  organs  for  the  prehension  and  mastication  of  food.  A  head  is 
developed  when  the  anterior  part  bearing  these  structures  is 
separated  off  externally  from  the  rest.  In  segmented  animals  the 
h^ad  consists  of  a  number  of  segments  amalgamated  together,  and 
it  contains  the  brain  or  the  principal  central  ganglia  of  the  nen'ous 
system. 

8.  The  Primary  Subdivisions  or  Phyla  of  the  Animal 

Kingdom. 

The  various  sj-stems  of  organ) — digestive,  circulator)',  nervous, 
excretorj',  etc. — present  under  one  fonu  or  another  in  all  the  higher 
groups  of  animals,  are  variously  arranged  and  occupy  various 
relative  positions  in  different  cases,  producing  a  number  of  widely 
different  plans  of  animal  structure.  According  as  their  structure 
conforms  to  one  or  another  of  these  great  plans,  animals  are  referred 
to  one  or  another  of  the  corresponding  great  divisions  or  j^hi/la  of 
the  animal  kingdom.  That  animals  do  present  widely  differing 
plans  of  structure  is  a  matter  of  common  knowledge.  We  have 
only  to  compare  the  true  Fish,  such  as  Cod,  Htiddock,  etc,  in  a  fish- 
monger s  shop  with  the  Lobsters  and  the  Oysters,  to  recognise  the 
general  nature  of  such  a  distinction.  The  first-named  are  charac- 
terised by  the  possession  of  a  backbone  and  skull,  with  a  brain  and 
spinal  cord,  and  of  two  pairs  of  limbs  (the  paired  fins) ;  they  belong 
to  the  great  vertebrate  or  backboned  group — the  division  Verte- 
hrata  of  the  phylum  Chordafa.  The  Lobsters,  on  the  other  hand,  in 
which  these  special  vertebrate  structures  are  absent,  possess  a 
jointed  body  enclosed  in  a  hard  jointed  case,and  a  number  of  pairs  of 
limbs  also  enclosed  in  hanl  jointed  cases,  and  adapted  to  different 
purposes  in  different  parts  of  the  body — some  being  feelers,  others 
jaws,  others  legs:  their  general  tj^pe  of  stnioture  is  that  which 
characterises  the  phylum  Arthropaht.  The  Oysters,  again,  with 
their  hard  calcareous  shell  secreted  by  a  pur.  of  special  folds 
of  the  skin  constituting  what  is  termeil  the  mantle,  and  with  a 
special  arrangement  of  the  nervous  system  and  other  organs  which 
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need  not  be  described  here,  are  referable  to  the  phylum  Mollusca, 
Other  familiar  animals  are  readily  to  be  recognised  as  belonging  to 
one  or  other  of  these  great  phyla.  A  Prawn,  a  Crab,  a  Blue-bottle 
Fly,  a  Spider,  are  all  on  the  same  general  plan  as  the  Lobster :  they 
are  jointed  animals  .with  jointed  limbs,  and  they  have  the  internal 
organs  occupying  similar  positions  with  relation  to  one  another. 
They  are  all  members  of  the  phylum  Arthropoda.  Again,  a  Mussel, 
a  Snail,  a  Squid  are  all  to  be  set  side  by  side  with  the  Oyster  as 
conforming  to  the  same  general  type  of  structure ;  they  are  all 
members  of  the  phylum  molbtsca.  While  a  Dog,  a  Lizara,  a  Fowl 
are  obviously  nearer  the  Fish :  they  all  have  skull  and  back- 
bone, brain  and  spinal  cord,  and  two  pairs  of  limbs ;  they  are  all 
members -of  the  great  group  ChordcUa, 

Altogether  twelve  phyla  are  to  be  recognised,  viz. : — 

I.  Protozoa  VII.  Molluscoida 

II.  Porifcra  VIII.  Eckiiwdcrmatar  ^ 

III.  Ccelenterata  IX.  Annulata 

IV.  Platyhclminthcs  X.  Arthropoda 
V.  Xemnthclminthcs  XI.  Mollusca 

VI.  Trochehiinthcs  XII.  CJiordata 
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SECTION  II 

PHYLUM  PROTOZOA 

In  the  preceding  section  we  learnt  the  essential  structure  of  an 
animal  cell,  and  it  was  pointed  out  that  in  the  lowest  organisms 
the  entire  individual  consists  of  a  single  cell.  All  such  unicellular 
animals  are  placed  in  the  lowest  primary  subdivision  of  the  animal 
kingdom — the  phylum  Protozoa. 

We  have  also  leamt  that  cells  vary  considerably  in  character. 
They  may  be  arrueboid  or  capable  of  protruding  temporary  processes 
of  protoplasm  called  pseudopods ;  flagellate,  or  product  into  one 
or  more — always  a  small  number— of  threads  having  an  intermit- 
tent lashing  movement;  ciliated,  or  produced  into  numerous 
rhythmically  moving  threads  of  protoplasm ;  or  encysted,  the  proto- 
plasm being  enclosed  in  a  cell-wall.  Moreover,  under  certain 
circumstances,  amoeboid  cells  may  fuse  with  one  another  to  form 
a  Plasmodium. 

These  well-marked  phases  in  the  life  of  the  cell  allow  us  to 
divide  the  Protozoa  into  subdivisions  called  Classes.  The  same 
organism  may  be  amoeboid,  flagellate,  encysted,  and  plasmodial 
at  various  stages  of  its  existence,  but  nevertheless  we  find 
certain  forms  in  which  the  dominant  phase  in  the  life-history  is 
amoeboid,  others  which  are  characteristically  flagellate  or  ciliated, 
others  again  in  which  the  tendency  to  form  plasmodia  is  a 
distinctive  feature.  In  this  way  five  well-marked  groups  of 
unicellular  organLsms  may  be  distinguished. 

Glass  1.  Rhizopoda. — Protozoa  in  which  the  amoeboid  form  is 
predominant,  the  animal  always  forming  pseudopods.  Flagella 
are  often  present  in  the  young,  and  occasionally  in  the  adult. 
Encystation  frequently  occurs. 

Class  2.  Mycetozoa. — Terrestrial  Protozoa  in  which  the  plas- 
modial phase  is  specially  characteristic,  as  also  is  the  formation 
of  large  and  often  complex  cysts. 

Class  3.  Mastigophoeia. — Protozoa  in  which  the  flagellate  form 
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is  predominant,  although  the  amoeboid  and  encysted  conditions 
frequently  occur. 

Class  4.  Sporozoa. — Parasitic  Protozoa  without  organs  of  loco- 
motion in  the  adult.  Encystation  is  almost  imiversal,  and  the 
young  may  be  flagellate  or  amoeboid. 

Class  5.  Infusoria. — Protozoa  which  are  always  ciliated,  either 
throughout  life  or  in  the  young  condition. 


CLASS  I.— BHIZOPODA. 

1.  Example  of  the  Class — Ainosba  protev^. 

Amoeba  has  been  fully  described  ia  the  preceding  chapter ;  it 
will  therefore  be  unnecessary  to  do  more  than  recapitulate  the 
most  essential  features  in  its  organisation. 

It  is  an  irregular  mass  of  protoplasm  (Fig.  27,  e)  about  \  mm. 
in  diameter,  produced  into  irregular  processes  or  psctcdopods  (psd) 
of  varLable  size  and  form,  and  capable  of  being  protruded  and 
retracted  often  with  considerable  rapidity.  The  protoplasm  is' 
divisible  into  a  granular  internal  substance  or  ciulosarc  and  a  clear 
outer  layer  or  cctosarc  ;  the  difference  between  the  two  is  hardly  a 
structural  one,  but  depends  simply^  on  the  accumulation  of  granules 
in  the  central  portion.  The  granules  are,  for  the  most  part,  various 
products  of  metabolism — proteinaceous  or  fatty. 

Imbedded  in  the  endosarc  is  a  large  nucleus  {nu),  of  spherical 
form,  and  consisting  of  a  clear  achromatic  substance,  enclosed  in  a 
membrane,  and  containing  minute  granules  of  chromatin.  The 
contractile  vacuole  (c.  vac),  a  very  characteristic  organ  of  the 
Protozoa,  lies  in  the  ectosiirc,  and  exhibits  rhythmical  movements, 
contracting  and  ox|3anding  at  more  or  less  regular  intervals. 

Amcftba  feeds  by  ingesting  minute  organisms  (Fig.  27,  c,/.  vac.} 
or  fragments  of  organisms — i.e.,  by  enveloping  them  in  its  sul^tance^ 
retaining  them  until  the  proteids  they  contain  are  dissolved  and 
assimilated,  and  then  crawling  away  and  leaving  the  undigested 
remnants  behind. 

Amoeba^  are  sometimes  found  to  undergo  encystation;  the 
{)seudopods  are  withdrawn  and  the  protoplasm  surrounds  itself 
with  a  cell-wall  or  cyd  (D,  n/),  from  which,  after  a  period  of  rest, 
it  emerges  and  resumes  active  life.  The  cyst  is  formed  of  a 
chitinoid  material — i.e.,  a  nitrogenous  substance  allied  in  composi- 
tion to  hi>rn  and  to  the  chitin  of  which  the  armour  of  Insects, 
Crayfishes,  etc..  is  composed. 

Repnxluotion  takes  place  by  simple  or  Unary  fission  ;  direct  or 
amitotic  divisi«>n  of  the  nucleus  is  followed  bv  division  into  two  of 
the  cell-bod v  (i).     Riirelv  two   Amoelxe  have  been  obser>'ed  to 
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.  Classification'  and  General  Orqaxisation. 


The  Rliizopoda  differ  amone  themselves  in   the  character  of 
their  peeudopods.  which  may  oe  short  and  blunt  or   long  and 
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delicate  ;  in  the  number  of  nuclei ;  and  in  the  presence  or  absence 
of  a  hard  shell  within  or  around  the  protoplasm.  The  following 
five  orders  may  be  distinguished : — 

Order  1.— Lobosa. 
Rhizopoda  with  short,  blunt  pseudopods. 

Order  2. — Labyrinthuudea. 

Rhizopoda  having  a  network  of  fine  pseudopods,  in  which 
corpuscles  travel  to  and  fro. 

Order  3. — Foraminifera. 

Shelled  Rhizopoda  with  fine,  branched,  and  anastomosing 
pseudopods. 

Order  4. — Heliozoa. 
Rhizopoda  with  fine,  stifiF,  radiating  pseudopods. 

Order  6. — Radiolaria. 

Rhizopoda  having  a  shell  in  the  form  of  a  perforated  central 
capsule,  and  usually,  in  addition,  a  siliceous  skeleton :  the  pseudo- 
pods are  long  and  delicate. 

Systematic  Position  of  the  Example. 

Amoeba  proteus  is  one  of  many  species  of  the  genus  Amoeba^ 
belonging  to  the  family  Amwbidw,  of  the  order  Lobosa.  The  blunt 
pseudopods  not  uniting  to  form  networks  place  it  among  the 
Lobosa :  the  absence  of  a  shell  among  the  Amoebidae.  The  genus 
Amoeba  is  distinguished  by  the  presence  of  one  or  more  nuclei, 
and  of  a  contractile  vacuole.  In  A.  proteus  the  pseudopods  are 
of  considerable  length  and  sometimes  branched,  and  there  is  a 
•single  nucleus,  having  its  chromatin  in  the  form  of  scattered 
granules. 

Order  1. — Lobosa. 

Qeneral  Structure. — The  members  of  this  group  all  agree 
with  Amoeba  in  essential  respects,  their  most  characteristic  feature 
being  the  short,  blunt  pseudopods.  The  chief  variations  in  struc- 
ture upon  which  the  genera  and  species  are  founded  have  to  do 
with  tne  number  and  character  of  the  nuclei,  the  form  of  the 
pseudopods,  and  the  presence  or  absence  of  a  shell. 

In  Amoeba  itself  there  may  be  one  (Fig.  27,  e)  or  several  (b) 

•nuclei,  the  chromatin  of  the  nucleus  may  be  arranged  in  various 

ways  (f,  h),  and  the  pseudopods  may  be  prolongations  of  con- 
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siderable  relative  size  (c),  or  mere  wave-like  elevations  of  the 
surface  (a).  Sometimes  specimens  are  found  in  which  neither 
nucleus  nor  vacuole  is  present ;  these  are   placed  in  the  genus 
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Protamaiba  (Fig,  28).  Very  probably,  however,  future  investigation 
will  show  this  and  other  non-nucleate  forms  to  possess  a  potential 
nucleus  in  the  form  of  minute  scattered  granules  of  chromatin. 

The  largest  of  the  naked  or  shell-less  Lobosa  is  Pelomyxa,  which 
may  be  as  much  as  8  mm.  in  diameter ;  it  is  multi-nucleate  and  is 
further  distinguished  by  numerous  non-contractile  vacuoles  in  the 
endosarc 
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Skeleton — We  may  understand  the  relation  of  the  shelled  to 
the  shell-less  Lobosa  by  supposing  an  Aincoba  to  draw  in  the 
pseudopods  from  the  greater  part  of  its  body,  and  to  secrete,  from 
that  pwt  only,  a  cell-wall ;  such  a  cell-wall  or  capsule  would  differ 
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from  a  cyst  in  having  an  aperture  at  one  end  to  allow  of  the 
protmaion  of  pseudopods  from  a  small  naked  area.  This  is  exactly 
■what  we  find  in  Ara-lla  and  its  allies  (Fig.  29,  A-c),  in  which  the 
shell  is  chitinoid.  A  difftTC-nt  kind  of  shell  is  found  in  Difflugia 
(d),  which  secretes  a  gelatinous  coating  to  which  minute  sand- 
grains  and  other  foreign  particles  become  attached. 


mi^tlpiyliig  by  buddiug :  D,  bj 
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Order  2. — Labvrinthultdea. 

In  tliia  group  there  are  only  two  genvrn^-Lafiyrinthida  nnd  Chlomgdontj/xa. 
GhiamyiUimyxa  (Fig.  30|  has  hithertii  been  fcmn.l  only  in  Ireland,  where  ii 
with  the  comniuii  Bog-moea  [tiphvu/itam).     Like  Amieba,  it 
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may  exist  either  in  the  active  or  in  the  resting  condition.  In  the  resting  stage 
(B,  ttf  6,  c)  it  consists  of  a  mass  of  protoplasm  surrounded  by  a  laminated  wall 
of  cellulose  and  coloured  green  by  chlorophyll — the  ordinary  pigment  of  green 
plants.  There  are  also  specks  of  bright  red,  due  to  a  pigment  called  hamato- 
ehrome^  allied  to  chlorophyll,  and  small  globular  bodies  of  a  bluish  tint.  In 
the  young  condition  (a)  the  resting  cells  are  globular  and  microscopic,  lying 
enclosed  within  the  cells  of  the  Sphagnum,  but  as  they  grow  in  this  contineil 
space  they  become  elongated  and  irregular,  and  finally  burst  through  the  wall 
of  the  moss-cell,  forming  masses  (&,  c)  quite  visible  to  the  naked  eye.  These 
may  bud  (C)  or  undergo  binary  fission  (D) ;  or  the  protoplasm,  retreating  from 
the  cell-wall,  may  divide  into  numerous  small  masses,  each  of  which  surrounds 
itself  with  a  new  cell- wall  (E). 

During  the  whole  of  the  resting  stage  there  is  nothing  to  distinguish  Chlamy  • 
domyxa  from  a  plant,  and  it  would  certainly  be  placed  among  the  lower  AlgsD 
if  the  active  phase  of  its  existence  were  unknown. 

In  the  active  stage  (A)  the  protoplasm  protrudes  from  the  ruptured  cell- wall 
in  the  form  of  pseudopods  produced  into  a  complex  network  of  extremely 
delicate  filaments,  which  may  unite  to  form  larger  masses  of  protoplasm  at  a 
considerable  distance  from  the  original  cell.  At  the  same  time  the  bluish 
spheres  {ttp, )  found  in  the  resting  stage  take  on  a  spindle  shape  and  travel  slowly 
along  the  filaments. 

The  filaments  are  useil  to  capture  living  organisms  (/.)  which  are  digested  by 
the  protoplasm  surrounding  them,  the  products  of  nutrition  being  conveyed 
along  the  network  to  all  parts  of  the  organism.  Thus  in  the  active  condition  the 
nutrition  of  Chlamydomyxa  is  holozoicy  ».e.  strictly  like  that  of  an  animal,  the 
food  consisting  of  living  protoplasm.  In  the  resting  stage,  on  the  other  hand, 
nutrition  is  purely  holophytic,  i.e.  like  that  of  an  ordinary  green  plant,  the  food 
consisting  of  the  carlK>n  dioxide  and  various  mineral  salts  dissolved  in  the  water. 

Labyrinthula  (Fig.  31)  differs  in  many  respects  from  Chlamydomyxa.  In  the 
resting  stage  (B)  it  consists  of  a  heap  of  small  nucleated  cells  (c. )  connected  by  a 


FlO.  81. — IrftbyrinthnlaTltellina.  A,  Hpocimcn  cmwlin^  on  a  fmgmcnt  nf  Al^  (a.) ;  c.  ce\U 
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(Frum  BUtschU's  Protozoa,  aftvr  CiuukoWbky.) 

homogeneous  substance.  In  the  active  condition  (A)  it  is  produceil  into  long 
delicate  filaments,  not  fonnetl  of  protoplasm,  along  whicli  the  cells  (r.)  travel,  in 
the  same  manner  as  the  spindles  of  Chlamydomyxa.  Labyriuthula  lius,  therefore 
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the  character,  not  of  n  Bingle  cell,  but  v!  a  ettl-eoloni/,  formed  of  numevoiis  ce]l<i 
connected  hy  a  Doii-protnpliuinic  BubstuiK.'e.  Chlaniydoinj'xa,  on  tlie  other  band, 
has  the  character  of  a  single  cell,  anil  no  nnclci  liave  been  found  In  the  epindleH. 
ThuB  further  mveatigation  is  neceBBarj'  before  the  asBociatinn  of  these  two 
organisms  in  one  group  is  fully  justified,  and  it  hoe  recently  been  proposed  to 
iaclude  Labyrinthula  among  thu  Mycetozoa. 


Order  3, — Foraminifera. 

aeneral  Stmcture. — The  members  uf  this  oi-der  differ  from 

the  Lobosa  aiid  agree  with  the  active  phase  of  Chlamydomysa  in 
the  tact  that  their  jfseudopods  are  long  and  delicate,  and  unite  to 
form  networks ;  moreover,  with  few  exceptions,  they  agree  with 
Arcella  and  its  allies  in  possessing  a  shell.  In  the  majority  uf 
cases  this  shell  is  formed  of  calciiiiu  carbonate. 

One  of  the  simplest  merahei's  of  the  group  ia  Micro^romia  (Fig. 
32).     It  consists  of  a  protoplasmic  body  (B),  with  a  single  nucleus 


{nu.)  and  contractile  vacuole  (c  iwc),  encliised  in  a  chitinoid  cell- 
wall  or  shell  (sh.)  with  an  aperture  at  one  end  through  which  the 
protoplasm  protmdes  and  is  produced  into  delicate  radiating 
pseudopods.  The  animal  multiplies  by  binary  fission,  and  the 
individuals  or  zooids  thus  produced  remain  united  in  larger  or 
smaller  clusters  or  cell-coli>nies  (A).  Sometimes  the  cell-body  of  a 
zooid  divides,  and  one  of  the  daughter-cells  creeps  out  of  the  cell- 
wall  (C),  and,  after  moving  about  for  a  time  like  an  Amoeba,  draws 
in  its  pseudopods,  assumes  an  oval  form,  and  sends  out  two 
flagella  by  means  of  which  it  is  propelled  through  the  water  (D). 
We  shall  find  other  instances  in  which  the  young  of  a  Rhizopod  is 
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a  fiagellula,  i.e.  a  cell  pmnded  nith  one  or  more  flagella,  which, 
if  its  history  were  not  known,  would  be  included  among  the 
Mastigopbora. 

PlatoKm  (Fig.  33,  A)  is  a  fomi  resembling  Microgromia,  but 
illustrating  a  very  interesting  tjTie  of  colony.  The  protoplnsui 
flows  out  of  the  mouth  of  the  shell  in  the  form  of  a  long  plate  (B) 
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which  sends  off  rounded  side  branches,  and  each  of  these,  acquiring  . 
a  cell-wall,  becomes  a  zooid  of  the  simple  cell-colony, 

Gromia  (Fig.  34, 1)  leadw  us  to  the  more  t^-pical  Foraminifera. 
The  protoplasm  of  this  fonn  protrudes  from  the  mouth  (a)  of  tht> 
chitinoid  shell  (sh.)  and  flows  around  it  so  that  the  shell  becomes 
an  internal  structure.  The  pseutiopods  are  very  long  and  delicate, 
and  unite  to  form  a  complicated  network,  exhibiting  a  streaming 
movement  of  granules,  and  serving,  as  usual,  to  capture  prey. 

Skeleton. — ,Sj«a)H»iM/ni«(Fig.34,3)  differs  from  Gromia  mainly 
in  having  the  shell  formed  of  calcium  carbonate,  so  aa  to  have  the 
character  of  a  hollow,  stony  sphere,  with  an  aperture  at  one  end. 
It  appears  that  all  the  calcareous  Foraminifera  begin  life  in  this 
simple  form;  but  in  the  majority  of  cases  the  adult  structure 
attains  a  considerable  degree  of  complexity.  The  protoplasm  of 
the  original  globular  chamber  overflows,  jus  it  were,  through  the 
aperture;  but,  instead  of  forming  an  elongated  plate  from  which 
side  buds  are  given  off,  as  in  Platoum,  the  extended  mass  rounds 
itself  off,  and  secretes  a  calcareous  shell  in  organic  cuunection  with 
the  original  shell,  and  communicating  with  it  by  the  original 
aperture.  In  this  way  a  two-c  ham  bore*  1  shell  is  produced,  and  a 
repetition  of  the  process  gives  us  the  many-chambered  shell  found 
in  most  genera.  New  chambers  may  Ik;  added  in  a  straight  line 
(Fig.  35,  5),  or  alternately  on  op|)"site  sides  of  the  origimil 
chamber  (5),  or  with  each  new  chamber  enclosing  its  prodecossur 
(4).  or  in  a  flat  spiral,  each  new  chamlx-r  being  larger  than  its 
predecessor  (7,  8),  or  in  a  spire  in  which  the  newi-r  chamK-rs 


overlap  iho  older  (9,  10).  or  in  an  irregular  spii-al  of  giobulitr 
chambers  {G),  or  in  an  extremely  compact  spiral  in  which  the  new 
chambers  completelj'  enclose  their  predecessors  {11).     In  all  casea 
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adjacent  chambers  communicate  with  one  another  either  by  a 
single  large  hole  or  by  numerous  small  ones;  the  protoplasm 
is  thus  perfectly  continuous  throughout  the  organism.     With 
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increase  in  the  number  of  chambers  there  is  a  multiplication  of 
the  nucleus  (Fig.  34,  4,  b,  nu). 

The  shell  presents  two  leading  types  of  structure,  apart  from 
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the  form  ami  arrangement  of  the  chambiTs;  eithiT  it  is  of  a 
porcelain-like  texture  and  pTO\'idod  with  a  single  tenuinal  aperture. 
<Pig.  34,  4'h  or  the  tcsture  is  glassy  imtl  the  whole  shell  iKT^imtiHl 


with  very  minute  apertures,  through  which,  as  well  as  through  the 
terminal  aperture,  paeudopods  are  protruded  (Fig.  34,  2). 

In  many  cases  additional  complexity  is  attained  by  the  develop- 
ment of  what  is  called  the  siij)plemenlal  skflcton  (Fig,  35,  S6,  s.  sk.). 
This  consists  of  a  deposit  of  calcium  carbonate  outside  the  original 
shell :  it  is  traversed  by  a  complex  system  of  canals,  containing 
protoplasm,  and  is  sometimes  produced  into  large  spines. 
ForaniJnifera  in  which  this  secondary  skeleton  occurs  are  some- 
times of  considerable  size— 2-3  cm.  in  diameter— and  of  extra- 
ordinary complexity. 

Many  Foraminifera  resemble  Difflugia  in  having  a  skeleton 
fonned  of  sand-grains,  sponge-spicules,  and  other  foreign  bodies 
cemented  together  by  a  secretion  from  the  protopla.sm  (Fig.  35, 1). 
Some  of  these  are  formed  on  the  imperforate  type,  having  the 
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protoplasm  protruded  from  a  single  terminal  aperture ;  others  on 
the  perforate  type,  small  pseudopods  being  protruded  between  the 
particles  forming  the  shell. 

In  many  cases  the  pseudopods  are  the  only  portions  of  proto- 
plasm outside  the  shell,  whereas  in  Gromia,  as  we  saw,  the  shell 
is  invested  with  a  layer  of  protoplasm,  and  is  thus  in  strictness 
an  internal  structure.  In  one  of  the  calcareous  forms  with 
perforated  spiral  shell,  called  ffasiigcrina  (Tig.  36),  a  very  remark- 
able modification  of  this  condition  of  things  obtains.  The  shell 
(sh.)  is  surrounded  with  a  mass  of  protoplasm  (^/smt.)  many  times 
its  own  diameter,  and  so  full  of  vacuoles  as  to  present  a  bubbly  r.r 
frothy  appearance.     The  shell  itself,  moreover,  in  this  and  allied 
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rorms  is  provided  with  numerous  delicate,  hollow,  calcareoos  spines 
(<p.),  which  are  only  to  be  seen  in  jjerfect,  freshly-caught  specimens. 

Many  Foraminifera  exhibit  the  phenomenon  of  dimor^iiBin : 
the  indinduals  of  a  single  species  occur  under  two  distinct  fomu 
differing  from  one  another  in  the  size  of  the  central  chamber, 
the  shape  and  mode  of  growth  of  the  succeeding  chambers,  and 
the  cbamcter  of  the  nnclei. 

The  raprodoctlon  of  the  Forarainifera  is  verj-  imperfectly 
known;  but  in  some  forms  the  protoplasm  has  been  obsened  to 
divide  into  flugellulec  or  swarm-cells,  minute  masses  of  protoplasm, 
each  proWded  with  a  flagellum :  usually  these  are  of  uniform  size, 
but  in  ^me  cases  large  and  small  spores  are  produced.  Id  some 
species  young  fonns,  provided  with  a  shell,  are  formed  in  the 
t«rminal  chamber  of  the  adult. 

IMctributioii.— (jromia,  Microgromia,  and  a  few  other  forms  are 
found  in  fresh-water :  one  species  has  been  found  in  damp  earth, 
but  the  great  majority  of  the  Foraminifem  are  marine,  some  being 
pelagic.  I.e.  occurring  at  or  near  the  surface  of  the  ocean,  others 
abyssal,  i.e.  living  at  great  depths.  In  the  Atlantic,  large  areas 
of  the  sea-bottom  are  covered  with  a  gray  mud  called  Globigerina- 
ooze  from  the  vast  number  of  Globigerin»  contained  in  it 

From  the  palseon  to  logical  point  of  view,  the  Foraminifera  are  a 
very  important  group.  Remains  of  their  shells  occur  in  various 
fonnations  ftum  the  Silurian  period  to  the  present  dav,  certain 
rocks  such  as  the  White  Chalk  (Cretaceous  period)  and  tlie  Num- 
mulitic  limestone  (Eocene)  being  largely  made  up  of  them. 

Order  4. — Heliozoa. 

Oeneral  Stmctnre — The  Heliozoa  are  at  once  distinguished 
from  the  preceding  grf)up8  by  the 
character  of  their  pseudu[)ods,  which 
have  the  form  of  stiS'  filaments 
radiating  outwards  from  the  more 
CO-  less  globular  cell-body,  present- 
ing verj'  little  movement  beyond 
the  characteri.itic  streaming  of 
granule.^,  and  nut  uniting  to  form 
networks. 

One    of  the   simplest   forms   is 
the  common  '■Sun-.inimalcule,"^c- 

tiiwphrus  sol  (Fig.  37).     The  bodv       ^   „    .^,      . , 

IS   nearly  sphencal.  and    contains  fii«uviiii...ti>«ii.i"i«.i.:  ii.n.ickiu>; 

a    large    nnclcii.-i    and    numcn  >ns  Ji™"?-!' jl!;i'-^j,!*j^  cl^bc^.^"' 

vacuoles,  some  of  which,  near   the 

surface,  are  contractile.  Each  of  the  stiff,  nuliating  p<i'niioikiils 
haa  a  delicate  axis,  which  is  tractable  through  the  i)ruto]ihisni 
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as  far  as  the  nucleus.  Living  organisms  are  devourwi  in  much 
the  same  way  as  in  Ainceba:  e^ch  is  ingested  along  with  a 
droplet  of  water,  and  is  thus  seen,  during  digestion,  to  lie  in  a 
defimte  cavity  of  the  protoplasm,  called  a.  food-vacuole. 

Actinosphwrium  (Fig.  38.  A),  another  fresh-water  form,  is  more 
complex.  The  protoplasm  is  distinctly  divided  into  a  central  moss, 
the  vieduUa  or  endosarc  (B,  vial.),  in  which  the  vacuoles  are  small, 
and  an  outer  layer,  the  cortex  or  ectosarc  (cort.),  in  which  they  are 


u 


very  large.  There  are  numerous  nuclei  (hk-)  and  chromatophores 
(chr.),  the  latter  coloured  green  by  chlorophyll. 

Many  genera  form  colonies.  Numerous  zooids  may  be  united 
by  bridges  of  protoplasm  into  an  open  network,  or  the  connecting 
bridges  may  be  shorter  and  the  zooids  more  numerous,  giving  the 
colony  a  more  compact  appearance. 

Transitional  stages  occur  between  the  naked  genera  already  re- 
ferred to  and  forms  with  a  distinct  skeleton.  Sometimes  the  body 
simply  surrounds  itself  with  a  temporary  gelatinous  investment 
(Fig.  39, 2,  J.),  in  other  cases  it  is  surrounded  by  a  capsule  of  loosely 
woven  fibres  through  which  the  paeudopods  pass,  tnus  reminding 
us  of  the  state  of  things  characteristic  of  perforate  Foraminifera. 
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One  geDU3  has  a   shell  formed  of  agglutinated  sand-grains ;  in 
another  (Fig.  39,  A)  the  skeleton  consists  of  loosely  matted  needles 


S.CIdfhrulina 
Kia  »9.— Vuluni  fnmn   ni  HtUosoa.     .!.i.  Iho  cnlire  nrilmsl;  ,v'..  IL«  fl.TBtUiila :    '.  .tr. 
cunincUbi  TKimle:  ;r.  m;l;iliiiuii»  liivfMiii«iit :   ■•«.  mi.kiui    ,j7.  i.:>,<ii.l.jB,(n ;  ,j,  jUireoo* 
akcJcton ;  ip.  iidculca.    (t'ruui  liUlxtlilL  g  r^Ja^i.-.  lifter  >.  I.iiliv  :iiA  t:ra.rl.t 

of  silica.  Lastly,  in  tho  gracL-fiil  Clalhi'i'liita  (J)  the  \i>«\y  is 
enclosed  in  a  perforated  sphire  of  silica,  ijiiitc  like  the  .skeleton  of 
many  of  the  Radiolaria  (vuk  infi-o). 
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Reproduction  ordinarily  takes  place  by  binary  fission,  but 
spore-formation  also  occurs.  ActinosphsDrium.for  instance,  encloses 
itself  in  a  gelatinous  cyst  and  undergoes  multiple  fission,  forming 
numerous  spores  each  enclosed  in  a  siliceous  cell-wall.  These 
resting  s^mres  remain  quiescent  throughout  the  winter,  and  in  spring 
the  protoplasm  emerges  from  each  and  assumes  the  form  of  the 
ordinary  active  Actinosphierium.  In  Clathrulina  spore-formation 
takes  place  in  the  active  condition,  and  the  spores  (Fig.  39, 3  b)  are 
flagellulee,  each  being  an  ovoid  body  provided  with  two  flagella. 
Conjugation  has  been  observed  in  some  instances,  but  the  precise 
nature  and  significance  of  the  process  is  still  imperfectly  known. 


Order  5. — Radiolaria. 

The  Eadiolaria  are  a  large  and  well-defined  group  of  Rhizopods, 
noticeable,  in  most  instances,  by  the  presence  ot'a  siliceous  skeleton 
of  great  beauty  and  complexity.     They  are  all  marine. 

Oenoral  Structure. — The  most  important  characteristic  of 
the  group  is  the  presence  of  a  perforated  membranous  sac,  called 
the  central  capsule  (Fig.  40,  cent,  caps.),  which  lies  embedded  in  the 
protoplasm,  dividing  it  into  intra-capsular  (ini.  caps,  pr.)  and  extra- 
capsular (ext.  cops.pr.)  regions.  In  the  intra-capsular  protoplasm  is 
a  large  and  complex  nucleus  (nit.),  or  sometimes  many  nuclei :  from 
the  extra-capsular  protoplasm  the  pseudopoda(psrf.)are  given  off  in 
the  form  of  delicate  radiating  threads,  which  in  some  cases  remain 
free,  in  others,  eg.  Lithocircus,  anastomose  freely,  i.e.  unite  to  form 
networks.  There  is  no  con- 
tractile vacuole,  but  in  many 
forms  the  extra-capsular  pro- 
toplasm contains  numerous 
large  non-contractile  vacuoles, 
which  give  it  the  frothy  or 
bubbly  appearance  noticed 
previously  in  Hastigerina. 
The  vacuolated  portion  of 
the  protoplasm  has  a  gela- 
tinous consistency,  and  is  dis- 
tinguished as  the  caiiftnna. 

The  central  capsule  may 
be  looked  upon  as  a  chitinoid 
iutemni  skeleton,  reminding 
us  of  the  shell  of  Gromia  ana 
of  the  perforated  calcareous 
shell  of  Hai^tigerina  with  its  investment  of  vacuolated  proto- 
plasm. It  is  found  in  its  simplest  form  in  Thalassoplancta 
(Fig.  41),  in  which  it  is  spherical  and  uniformly  perforated  with 
minute  holes.     In  other  fonns,  such  as  LUkodrcus  (Fig  40),  it  is 


Fio.  to.— Utkoelreua  ananlmrlB.  cmi.e/ii*. 

It.  nifn.  ftr.  iatm-capfliiliif  pro 
iii-laiiH :  itfrf-  pHQiidtniodi ;  tM. 
Vila,  of,  ZoouDth^     (AIMr 


pnitoplum;  ' 
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more  or  less  conical  in  form,  and  the  apertures  are  restricted  to  the 
rial  base  of  the  cone.  Lastly,  in  the  most  complex  forms  (Fig.  421, 
the  membrane  of  the  cajtsule  is  double, 
and  there  are  three  apertures — a  principal 
one  havinjf  a  central  position  and  provided 
with  a  bd  or  t^rculiiui  {&/>.),  and  two 
subsidiary  ones  on  the  opposite  side.  In 
relation  with  the  principal  or  lidded 
aperture  there  is  £>und  in  the  extra- 
capsular protoplasm  a  heap  of  pigment 
called  the  pkicodinui  (ph.). 

In  some  genera  the  central  capsule  is 
the  only  skeletal  structure  present,  but  in 
most  cases  there  is  in  addition  a  skdeton 
— mainly  external — formed,  as  a  rule,  of 
silica,  but  in  one  subdivision  of  the  class 
of  a  chitinoid  substance  called  aeanthin,  so 
transparent  that  it  can  only  be  distin- 
guished from  silica  by  chemical  tests.  The 
siliceous  skeleton  may  consist  of  loosely 
woven  spines  (Fig.  ■il),  but  usually  (and 
the  acaathin  skeleton  always)  has  the 
form  of  a  tirm  frame-work  of  globular, 
conical,  stellate,  or  discoid  .''hnpe,  fre- 
quently produced  into  .simple  or  branched 
spines.  A  very  beautiful  form  of  skeleton 
is  exhibited  by  Actinomma  (Fig. -W),  in 
which  there  are  three  concentric  |>er- 
forated  spheres  (A,  sk.  I,  si,: ;?,  sk.  -i)  con- 

j    ,    r  .      '       '  .  '  '  «piciii«i.       (rnjin     L^ngi 

nected  by  radtatmg  spicules.     Ihe  outer  c<..,i.,mi^tc A«u<,^f,iHa 

of  these    sphei-es    occurs    in    the   extra-  n««iwi). 

capsular    protoplasm    (B,    c.v.    ecps.   jir.), 

the  middle  one  in  the  intra-capsular  protoplasm,  and  the  iimer 
one  in  the  nucleus  (nii.). 

Colonial  fbmu  are  comparatively  rare  in  this  order,  but  iMrcur 
in  some  genera  by  the  central  capsule  undergoing  repeate<l  divi- 
sions while  the  extra-cajjsular  nias.s  remains  undivide<l.  In  this 
way  is  produced — in  CfUoz-nan  for  instance  (Fig.  44,  .A.,  B,  C) — a 
firm  gelatinous  mas-n,  the  caljmna  or  vacuolated  extra-capsular 
protoplasm  (D,  r«c.)common  to  the  entire  colony,  haWng  enibe<lde<l 
in  it  numerous  central  cajksules  <c.  aii'S.)  each  indicating  a  zooid  <>f 
the  colony.     Collozoum  may  attain  a  length  of  3  or  4  cm. 

Roprodnction  by  binarj"  fission  has  Ix-i'ii  observe<l  in  some  cn-ses, 
and  is  probably  universal.  The  nucleus  <liviiies  first,  then  thi- 
central  capsule,  and  finally  the  extra-ca]isular  protoplasm. 

Spore'/oTinatioii  has  been  observetl  in  Collozoum  and  some  t.thi-r 
genera:  the  intm-capsular  protoplasm  divides  into  small  masses. 


■iinxmodLng  cuymDiL :   i. 
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t  tbe  nislluui  at  tb«  nkslEton  to  a 
ik,  i.  Dilddls,  III.  3,  Sncc  ■pbure  i>f  ikuluUm.    IFmta  BDUdiira  PnHoiaa,  atMr  Biwckel  and 
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each  of  which  becomes  a  flagelluln  (Fig.  44,  E,  F)  provided  with  a 
single  flagelliini.  In  some  instances  all  the  spores  produced  are 
alike  (E),  and  each  encloses  a  small  crj-stal  (c.) :  in  other  cases  (F) — 
in  the  same  species — the  spores  are  dimorphic,  some  being  small 
(micro^oren)  others  large  {megasporcs).  Their  development  has  not 
been  traced. 

Symbloil*.— One  most  characteristic  and  remarkable  feature 
of  the  group  has  yet  to  be  mentioned.  In  most  species  there  occur 
in  the  extra-capsular  protoplasm  minute  yellow  cells  (Fig.  40,  ;.) 
which  multiply  by  fission  independently  of  the  Badiolarian.     It  is 


now  known  that  these  are  unicellular  plants  belonging  to  the  class 
of  Algte  and  to  the  species  Zooxanthdht  mitrirola.  This  intimate 
association  of  two  organisms  is  Cf\\\vi\  syviUoxis :  it  is  a  mutually 
beneficial  partnership,  the  Radiolarian  supplying  the  Alga  with 
carbon  dioxide  and  nitrogenous  wjiste  matters,  while  the  Alga  gives 
oflF  oxygen  and  produces  sugiir  and  othtT  food-stuffs,  sume  of  which 
must  make  their  way  by  dittiision  into  the  protoplasm  of  thi/ 
Radiolarian. 


CLASS  II.— HTCETOZOA. 
1.  Example  of  the  Class — Didijmuu 


,  <Jiff..r 


Didj-miDm  occurs  a*  a  whitish  or  ytllciw  slieet  at  protniilnsm  {Fig.  4.1,  C 
often  several  centimetres  aL-niBR,  wliicli  cnmla,  like  u  giguiitic  Anin-lui,  ov 
the  BO rf ace  of  decuyin};  leaves.  It  bIihws  tlic  chaructcristio  tlrciiiiiiii)'  niiir 
ments  of  protoplasm  an<l  fteiU  l>y  ingesting  various  organic  Wlies,  n•ltal>l^'  ll 
Bacilli  which  always  o>x\it  in  great  numbers  in  -Lecaying  aubctance*.  Sumtroi 
Dueled  are  fffeaeiit. 
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After  ImiUiig  nn  activi-  eKislence  for  !i  longer  oi'  ahorter  timK.  the  prot(i]ilasin 
aggregates  iutfi  a,  Boliit  lump,  surrouniia  itaeU  with  a  cyst,  and  underj^ucs  Diullipli: 
liwion,  ilividiog  into  au  innneose  Dumber  of  minute  spores.  The  cyst  (Fig.  45. 
A,  »pff.  1,  ii/ig.  2)  ia  therefore  not  a  mere  resting  capsule,  like  that  of  Amieba, 
but  n  uporangium  or  ipore-cane.  It<  wall  conaiBta  of  two  laj'urs,  an  inner  of  ■ 
dork  purple  colour  and  meinbranous  texture,  formed  of  cellutiise.  and  an  outer  of 
Lft  pure  white  hue,  formed  of  calcium  carbonate.     Thus  the  whole  aporan^'ium, 


&■■' 


[II,  ij.  Dldymlnm  dlffonue.  A,  two  Bpuncgla  (■(«.  1  nod  3)  on  u  fraemcDt  ,.t  leaf  (I.), 
n,  ■ortion  o(  Bpomngium,  orlUi  niptnred  uulm  Uyor  (n.);  mid  Uiroadl  laapimaimi  (cii.); 
C,  a  Bi^fslliilii  with  DontnctUe  luiuala  (e.  rw.)  vid  nuclinii  (nx.):  D,  the  nme  ifler  Ion 
ut  flagelluin :  'i.  ui  ingcalud  Badllui ;  E.  au  uagebuli ;  F.  cunjugstloD  of  uncrbixlB  to  [nnn 
4  small  plumirdliim ;  G,  4  Inrgur  planaocUma  accumpaiilfHl  by  niUDtrinu  ruiictbulit ;  tp. 
lagestod  >pur™.    (Aflar  Li«tcr.) 


,  resembles  a  minute  egg.     From  the 
sporangium   spring  a  numlier  of  branched 
tvity  among  the  spores  and  together 


which  may  uttnin  a  diameter  of  3 
inner   aurface   of  the  wall  of   the 
filaments  of  cellulose,  which  extend  in 
constitute  the  capUtitinm 

The  spores  consist  uf  nucleatetj  massea  ai  protoplasm  surrounded  by  a  thicb 
cellulose  wait  of  a  dark  reddish-brown  colour.  After  a  period  of  reat  the  proto- 
pUsm  emerges  in  the  forni  of  an  amiicboid  inaBs  which  soon  becomes  a  flagellula 
(C),  provided  with  a  single  Hagelliim,  a  nucleus  (hk.),  and  a  contractile  vacuole 


II  PHYLUM  PROTOZOA  63 

{c.  vac).  The  flagellulaj  move  freely  and  ingest  Bacilli  (D, /^.)  ;  then,  after  a 
timet  they  become  irregular  in  outline,  draw  in  the  flagellum,  and  beeome 
amoeboid  (E).  The  amcebulae  thus  formed  congregate  in  considerable  numbers 
and  fuse  with  one  another  (F),  the  final  result  l^ing  the  production  of  the 
great  amoeboid  mass  (G)  with  which  we  started.  There  is  no  fusion  of  the 
nuclei  of  the  amoebulffi.  Thus  Didymium  in  its  active  condition  is  aplasmodium, 
i,e.  a  body  formed  by  the  concrescence  of  amcebulse. 

2.  General  Remarks  on  the  Mycetozoa. 

Speaking  generally,  the  Mycetozoa  differ  from  all  other  Protozoa  in  their 
terrestrial  habit.  They  are  neither  aquatic,  like  most  members  of  the  phylum, 
nor  parasitic,  like  many  other  forms,  but  live  habitually  a  sub-aerial  life  on 
decaying  organic  matter.  They  are  also  remarkable  for  their  close  resemblance 
in  the  structure  of  the  sporangia  and  spores  to  certain  Fungi,  a  group  of  parasitic 
or  saprophytic  plants  in  which  they  arc  often  included,  most  works  on  Botany 
having  a  section  on  the  MyxomyctttH  or  "Slime-fungi,"  as  these  organisms  are 
then  called.  They  are  placed  among  animals  on  account  of  the  structure  and 
physiology  of  the  flagellate,  amwboid,  and  plasmoilial  phases  which  exhibit 
automatic  movements  and  ingest  solid  food.  On  the  other  hand,  the  Mycetozoa 
are  sometimes  included  among  the  Rhizopoda,  a  course  which  their  very  peculiar 
reproductive  processes  appears  to  render  inadvisable. 

An  interesting  organism,  called  Protomyxa,  probably  l>elongs  to  this  group.  In 
its  plasmodial  phase  it  consists  of  orange-coloured  masses  of  protoplasm,  al)out 
1  mm.  in  diameter,  which  crawl  over  sea-shells  by  means  of  their  long,  branched 
pseudopods,  and  ingest  living  prey.  No  nuclei  are  known.  The  protoplasm 
becomes  encysted  and  breaks  up  into  naked  spores,  which  escape  from  the  cyst 
^A  flagellulse,  but  soon  become  amoeboid  and  fuse  to  form  the  Plasmodium. 


CLASS  III.— MASTIOOPHOBA. 

1.  Example  of  the  Class — Euglena  viridis. 

Euglena  (Fig.  4G)  is  a  flagellate  organism  commonly  found  in 
the  water  of  ponds  and  puddles,  to  which  it  imjiarts  a  green  colour. 
The  body  (E,  H)  is  spindle-shaped,  and  has  at  the  blunt  anterior 
end  a  depression,  the  guUd  (F,  a:s.),  from  the  inner  surface  of  which 
springs  a  single  long  tlagellum  {fl.).  Acconling  to  recent  observa- 
tions the  flagellum  is  not  a  simple  threjid,  but  is  beset  with  delicate 
cilium-like  processes.  The  organism  is  propi'lled  through  the 
water  by  the  lashing  movements  of  the  flagellum,  which  is  always 
directed  forwards:  it  can  also  perform  slow  wonn-like  movements 
of  contraction  and  expansion  (A — D),  but  anything  like  the  free 
pseudopodial  movements  which  chamcterise  the  RhizojxKla  is 
precluded  by  the  ])resence  of  a  vitv  thin  skin  or  cuticle  which 
invests  the  body.  There  is  a  nucleus  {nn.)  near  tlu'  c«*ntre  of  the 
bodv,  and  at  the  anterior  end  a  contractile  vacu(>l«'  (H,  c.  vacX 
leading  into  a  large  non-con t met ile  sj)ace  or  reservoir  (/•.)  which 
discharges  into  the  gullet. 

The  greater  part  of  the  btnly  is  coloured  green  by  the  chamc- 
teristic  vegetable  pigment,  chK>roj)hyll,   and   contains  grains   of 
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pammt/lum.  (H,  p.),  a  carbo-hydratft  allied  to  starch.  In  contact 
with  the  reservoir  is  a  blight  red  speck,  the  stigma  (pg-),  formed  of 
a  pigment  allied  to  chlorophyll  and  called  ktrmatochromc.  It  seems 
probable  that  the  stigma  is  a  light-perceiving  organ  or  nidinientaiy 
eye. 

Euglena  is  nourished  like  a  tj'pical  grpen  plant :  it  decomposes 
the  carbon  dioxide  dissolved  in  the  water,  assimilating  the  carbon 
and  evolving  the  oxygen.  Nitrogen  and  other  elements  it  absorbs 
in  the  form  of  mineral  salts  in  solution  in  the  water.  But  it  has 
also  been  shown  that  the  movements  of  the  flagellum  create  a 
whirlpool    by  which    minute  fragments   are  propelletl  down  the 
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gullet  and  into  the  soft  internal  protoplasm.  There  seems  to  be 
no  doubt  that  in  this  way  minute  or^nisms  are  taken  in  as  food. 
Euglena  thus  combines  the  charactenstically  animal  (holozoic)  with 
the  cbaracteri.stically  vegetable  (holophytic)  mode  of  nutrition. 

Sometimes  the  active  movements  cease,  the  animal  comes  to- 
rest  and  surrounds  itself  with  a  cyst  or  cell-wall  of  cellulose  (G), 
from  which,  after  a  quiescent  period,  it  emerges  to  resume  active 
life.  It  is  during  the  resting  condition  that  reproduction  takes 
place  by  the  division  of  the  body  in  a  median  plane  parallel  to 
the  long  axis  (t5).  Under  certain  circumstances  multiple  lission 
takes  place,  and  flagelUilEe  are  produced,  which,  sometimes  after 
iing  through  an  amoeboid  stage,  develop  into  the  adult. 
lorm. 
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2.  Classification  and  General  Organisation. 

The  Mastigophora  form  a  very  extensive  group,  the  genera  and 
species  of  which  show  a  wonderful  diversity  in  structure  and  habit. 
The  only  character  common  to  them  all  is  the  presence  of  one  or 
more  flagella.  Some  approach  plants  so  closely  as  to  be  claimed 
by  many  botanists;  others  are  hardly  to  be  distinguished  from 
Rhizopods ;  while  the  members  of  one  order  present  an  interesting 
likeness  to  certain  otherwise  unique  cells  found  in  Sponges. 

The  class  is  divisible  into  four  orders  as  follows  : — 

Order  1. — Flagellata. 

Mastigophora  having  one  or  more  flagella  at  the  anterior  end 
of  the  body. 

Order  2. — Choanoflagellata. 

Mastigophora  having  a  single  flagellum  surrounded  at  its  base 
by  a  contractile  protoplasmic  collar. 

Order  3. — Dinoflagellata. 

Mastigophora  having  two  flagella,  one  anterior,  the  other  on- 
circling  the  body  like  a  girdle. 

Order  4. — Cystoflagellata. 

Mastigophora  having  two  flagella,  one  of  which  is  modified  into 
a  long  tentacle,  while  the  other  is  small  and  contained  within 
the  gullet. 

Systematic  Position  of  the  E,ca tuple, 

Euglena  viridis  is  one  of  several  species  of  the  genus  EuffJena, 
and  belongs  to  the  Family  Eaglenida\  sub-order  Eiujknoidea,  and 
order  Flagellata, 

The  presence  of  an  anterior  fljigellum  and  the  absence  of  a 
collar,  transverse  flagellum,  or  tentacle,  indicate  its  position  among 
the  Flagellata.  It  is  placed  among  the  Euglenoidea  in  virtue  of 
possessing  a  single  flagellum  and  a  small  gullet  into  which  the 
contractile  vacuole  opens.  The  genus  Euglena  is  distinguished 
by  its  centrally  placed  nucleus,  green  chroniato])hore,  red  stigma, 
and  euglenoid  movements.  E.  viridis  is  separated  from  other 
species  of  the  genus  by  its  spindle-shapiMl  body  with  blunt  ante- 
rior and  pointed  posterior  end,  and  by  the  flagelhim  being  somewhat 
longer  than  the  bod}. 

Order  1. — Flagellata. 

The  cell-body  is  usually  ovoid  ot  flask -shajx^d  (Fig.  47,  G,  7,  9, 
.&€.),  but  may  be  almost  globular  (i),  or  greatly  elongated  (./). 

f 


Anterior  and  posterior  ends  arc  always  diatingiiishablo,  the  flagcUa 
;  directed  funvards  in  switiiniing,  and,  as  a  rule,  dorsal  and 
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FlQ.  t7.— Virloul  tornu  ol  nigtUttt.—la  I,  fUgolUttj  (ii)  aud  unabold  ('j)  phuss  mra 
«lHi«ra  ;  Id  i,  lUKSUiits  (a)  and  baliiuiu  (h)  nbuxm  Ma  A  are  abovin  two  atagu  Id  tba  in- 
gBBtiaD  of  A  food  pnrllcle  (/);  Mr.  chromatopLom ;  c.  rof.  contrrurtib]  vbcuoIa:/-  food  nr- 
nclfl  0.  giiUoU  "■■  Dudeua:  t.  Larkn ;  p.  prnlopliwiti ;  jvr.  pcriatomi] ;  i.i.  TaauoLfl«liiff«uon. 
"'--■'"  from  BUtachll's  Fraiozoa,  mita  vnrioua  Buthun.) 

ventral  surfaces  can  bo  distinguished  by  the  presence  of  a  mouth 
or  by  an  additional  fiagelluni  on  tho  ventral    side.     They  are. 
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therefore,  usually  hilatcrally  symmctri<:al  or  divisible  into  equal  and 
similar  right  and  left  halves  by  a  vertical  antero-posterior  plane. 

Some  of  the  lower  forms  have  no  distinct  cuticle,  and  are  able, 
under  certain  circumstances,  to  assume  an  amoeboid  form  {2). 
The  curious  genus  Mastigamceba  (4)  has  a  permanently  amoeboid 
form,  but  possesses,  in  addition  to  pseudopods,  a  single  long 
flagellum.  It  obviously  connects  the  Mastigophora  with  the 
Bhizopoda,  and  indeed  there  seems  no  reason  why  it  should  be 

E laced  in  the  present  group  rather  than  with  the  Lobosa.  Simi- 
irly,  Dim(yrpha  (J)  connects  the  Flagellata  with  the  Heliozoa  :  in 
its  flagellate  phase  (a)  it  is  ovoid  and  provided  with  two  flagella, 
but  it  may  send  out  long  stiflF radiating  pseudopods,  while  retaining 
the  flagella,  or  may  draw  in  the  latter  and  assume  a  purely 
helizoan  phase  of  existence  provided  with  pseudopods  only  (h). 

The  number  of  flagella  is  subject  to  great  variation.  There 
may  be  one  (Fig.  47,  l-3\  two  (9,  10\  three  {6\  or  four  (7). 
Sometimes  the  flagella  show  a  differentiation  in  function  ;  in 
Heteroniita,  e.g.  (Fig.  51)  the  anterior  flagellum  {Jl.  1)  only  is 
used  in  progression,  the  second  or  ventral  flagellum  (Jl.  2)  is  trailed 
behind  when  the  animal  is  swimming  freely  or  is  used  to  anchor 
it  to  various  solid  bodies. 

There  are  also  important  variations  in  structure  correlated  with 
varied  model  of  nutrition.  Many  of  the  lower  forms,  such  as 
Heteromita,  live  in  decomposing  animal  infusions:  they  have 
neither  mouth  nor  gullet  and  take  no  solid  food,  but  live  by 
absorbing  the  nutrient  matters  in  the  solution ;  their  nutrition  is, 
in  feet,  saprophytic,  like  that  of  many  fungi.  A  few  live  as  para- 
sites in  various  cavities  of  the  body  of  the  higher  animals.  One 
Euglena-like  form  lives  as  an  intra-cellular  parasite  within  the 
cells  of  one  of  the  lower  worms. 

ffcematococcics  (Fig.  4!S),  Faiidorina  (Fig.  49),  VoIvox(Fig.  50),  and 
their  allies  present  us  with  a  totally  different  state  of  things. 
The  mouthless  body  is  surrounded  by  a  cellulose  cell-wall  (cic), 
and  contains  chromatophores  (chr.)  coloured  either  green  by  chloro- 
phyll or  red  by  hsematochrome.  Nutrition  is  purely  holophytic, 
t>.  takes  place  by  the  absorption  of  a  watery  solution  of  mineral 
salts  and  by  the  decomposition  of  carbon  dioxide.  It  is,  therefore, 
not  surprising  that  these  chlorophyll-containing  Flagellata  are 
often  included  among  the  Algje  or  lower  green  plants. 

Other  genera  live  in  a  purely  animal  fashion  by  the  ingestion  of 
solid  proteinaceous  food,  usually  in  the  form  of  minute  living 
organisms :  in  these  cases  there  is  always  some  contrivance  for 
capturing  and  swallowing  the  prey.  In  Oikavwnas  (Fig.  47,  8)  we 
have  one  of  the  simplest  arrangements:  near  the  base  of  the 
flagellum  is  a  slight  projection  containing  a  vacuole  (r.?.);  the 
movements  of  the  flagellum  drive  small  particles  (/.)  against  this 
r^on  where  the  protoplasm  is  very  thin  and  readily  allows  the 
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f articles  to  penetrate  into  the  vjiciiole,  whore  thej'  are  digested, 
ri  Euglena,  as  we  have  aeeti.  there  is  a  short,  nairow  gullet,  and 
in  some  genera  {9,g)  this  tube  becomes  a  large  and  weli-marked 
structure- 
Skeleton. — While  a  large  proportion  of  genera  are  naked  or 
covered  only  by  a  thin  cuticle,  a  few  fabricate  for  themselvea  a 
delicate  chitinoid  shell  or  lorim  (10,  /.).  usually  vase -shaped  and 
widely  open  at  one  end  so  as  to  allow  of  the  protrusion  of  the 
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contained  animalcule.     In  the  chlorophyll-containing  forms  there 
is  a  closed  cell-wall  of  cellulose  (Fig.  48,  cv:.). 

In  many  genera  Colonlei  of  various  forms  are  produced  by 
repeated  budding.  Some  of  these  are  singularly  like  a  zoophyte 
(see  Sect.  IV.)  in  general  tbrm(Fig.  i7, 11),  being  branched  colonies 
composed  of  a  number  of  connected  monads,  each  enclosed  in 
a  little  glassy  lorica  :  or  green  (chlorophyll-containing)  zooids  are 
enclosed  in  a  common  gelatinous  sjihere.  through  which  their 
flngella  protrude  (13) ;  or  tufts  of  zooids,  reminding  us  of  the 
flower-heads  of  Acacia,  are  borne  on  a  branched  stem  {.13).  In 
Vdvox  (Fig.  50)  the  zooids  of  the  colony  are  arranged  in  the  form 
of  a  hollow  sphere,  and  in  Pandoriva  (Fig.  49)  in  that  of  a  solid 
sphere  enclosed  in  a  delicate  shell  of  cellulose.   Lastlj-,  in  JRhipiilo- 
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dendron  (Fie;.  47,  14)  ^  beautiful  branched  fan-shaped  colony  in 
produced,  tne  branches  consiatinc  of  closely  adpressed  gelatin- 
ous tubes  each  the  dwelling  of  a  single  zooid. 

Binary  fission  is  the  ordinary  mode  of  ueznal  multiplication, 
and  may  take  place  either  in  the  active  or  in  the  resting  condition. 
Hieniatococcus  (Fig.  48)  and  Euglena  (Fig.  46),  for  instance, 
divide  while  in  the  encysted    condition ;  Meteromita   (Fig.  51) 


;%t^ 


and  other  sapn>phytic  forms  while  actively  swimming :  in  the 
latter  ca.se  the  divLson  includt's  the  almost  intinitely  fine  Hagellunt. 
In  correspondence  with  their  compound  nature,  the  colonial 
genera  exhibit  certain  peculiarities  in  asexual  multiplication.  In 
JHnobryon  (Fig.  47,  IJ)  a  zooid  divides  within  its  cup.  in  which 
one  of  the  two  pnxiucts  of  division  remains;  the  other  crawls  out 
of  the  lorica,  fixes  itself  uix)n  its  edge,  and  then  secretes  a  new 
lorica  for  itself.  In  Paudonnn  (Fig.  4!))  each  of"  the  sixteen  aH>i<ls 
of  the  colony  divides  into  sixteen  (B),  thus  foniiingthat  number  of 
daughter-colonies  within  the  original  cell-wall,  by  the  rupture  of 


which  they  are  finally  liberatc-d  In  Vohoi-  (Fig.  50),  cortain 
zooids,  aB.]\^ partlunogonidia  (A,  u),  have  specinlly  assigned  to  them 
the  function  of  asexual  reproduction :  they  divide  by  a  process 
resembling  the  segmentation  of  the  higher  animals  (D^-D"),  and 
form  daughter-colonies  which  become  detached  and  swim  freely 
in  the  interior  of  the  mother-colony. 

A  very  interesting  series  of  stages  in  sexual  reproduction  is 
found  in  this  group.   In  Heteromita  two  individuals  unuit'  together 


(Fig.  51,  E*)  and  undergo  "complete  fusion  (E* — E*) :  the  result  of 
this  cvnjitgation  of  the  two  gametes  or  conjugating  cells  is  a  thin- 
walled  sac,  the  zygote  (E*).  the  protoplasm  of  which  divides  by 
multiple  fission  into  very  minute  spores.  These,  when  first 
liberated  by  the  rupture  of  the  zygote  (E"),  are  mere  granules, 
but  soon  the  ventral  or  trailing  flagellum  is  developed,  and  after- 
wards the  anterior  flagellum  (F' — F*).  In  Pandoi-ina  (Fig.  49) 
the  ceils  of  the  colony  escape  Erum  the  common  gelatinous  envelojje 
(C)  and  conjugate  in  pairs  (B,  E),  fonning  a  zygote  (F,  G),  which, 
after  a  period  of  rest  (H),  divides  and  fonns  a  new  colony  (K). 
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In  some  cases  the  conjugating  cells  are  of  two  sizes,  union  always 
taking  place  between  a  large  cell  or  megagamete  and  a  small  cell 


Fig.  51. — Heteromlta  roatrata.  A,  the  ixmitir'tis  oMumcMl  in  the  (*i>rinf;ring  movemeut<t 
of  tho  anchored  f(jnn ;  B,  lon^tudinal  fission  of  anchoreii  fonn ;  C,  transverse  fission  of 
the  Aamo ;  I),  fis«l<ni  of  frec-swiniminjr  fonn  ;  E,  crmjujpition  (»f  frvc-swininiintf  with  anchored 
furm  ;  E*,  zyjfrite  ;  E**,  eminsion  of  s{>«>res  from  zyvfote  :  F.  devclojnnent  of  aiN>rcs  ;  rf.i,  auto- 
riyr;  /.:?,  ventral  tlagellum.    (From  Parker'8  Biolooi',  uftcr  Diillinger.) 

or  microgamctc.     In  Volvox  (Fig.  50)  this  dimorphism  reaches  its 
extreme,  producing  a  condition  of  things  closely  resembling  what 


we  find  in  the  higher  animals.  Certain  of  the  zooids  enlarge  and 
form  niegagametes  (B,  ovy.),  others  divide  repeatedly  and  give  rise 
to  gi"oup8  of  microgametes  (B.  s^.  E,  F),  each  in  the  form  of  an 
elongated  yellow  body  with  a  red  pigment-spot  and  two  dagella. 
These  are  liberated,  swim  freely,  and  conjugate  with  the  stationary 
megagamcte  (G),  producing  a  zygote  (H),  which,  after  &  period  of 
rest,  divides  and  reproduces  the  colony.  It  is  obvious  that  the 
megaganiete  corresponds  with  the  ov-um  of  the  higher  animals, 
the  micHigamete  with  the  sperm,  and  the  zygote  with  the  oosperm 
or  impregnated  egg. 

It  should  be  noticed  that  in  the  more  complex  cases  of  repro- 
duction just  described  we  meet  with  a  phenomenon  not  seen  in 
cases  of  binary  fission,  viz.,  development,  the  young  organism  being 
far  simpler  in  stnicture  than  the  adult,  and  reaching  its  final  form 
by  a  gradual  increase  in  complexity. 


OltDEU  2. — Choanoflagellat.'\. 

General  Structure. — The  members  of  this  group  are  distin- 
ginshed  by  the  presence  of  a  vase-like  prolongation  of  the  proto- 
plasm, called  the  collar  (Fig,  52,  1,  c),  surrounding  the  base  of  the 
single  flagellum  (Jt.).  The  collar  is  contractile,  and,  although  its 
precise  functions  arc  not  yet  certainly  known,  there  is  evidence  to 


u  PHYLUM  PROTOZOA  73 

show  that  its  movements  cause  a  flow  of  water,  with  minute 
particles  in  suspension,  up  the  outside  of  the  collar  and  down  the 
mside,  the  solid  particles  being  then  ingested  in  the  soft  proto- 

¥lasm  between  the  base  of  the  flagellum  and  that  of  the  collar, 
'he  animalcule  may  draw  in  both  collar  and  flagellum  and  assume 
an  amcBboid  form. 

The  nucleus  (nu,)  is  spherical,  and  there  are  one  or  two  con- 
tractile vacuoles  (c.  vac.),  but  no  trace  of  mouth  or  gullet.  Some 
forms  are  naked  (1),  others  (2)  enclosed  in  a  chitinoid  shell  or 
lorica  of  cup-like  form.  A  stalk  (s.)  is  usually  present  in  the 
loricate  and  sometimes  also  in  the  naked  forms. 

The  genera  mentioned  in  the  preceding  paragraph  are  all  simple, 
but  in  other  cases  colonief  are  produced  by  repeated  flssion.  In 
Polyceca  (3)  the  colony  has  a  tree-like  form,  which  may  reach 
a  high  degree  of  complexity  by  repeated  branching.  A  totally 
diflFerent  mode  of  aggregation  is  found  in  Protcrosfpongia  (^),  in 
which  the  zooids  are  enclosed  in  a  common  gelatinous  matrix  of 
irregular  form. 

Reproduction. — The  "collared  monads,"  as  these  organisms 
are  often  called,  multiply  by  longitudinal  fission  {:2b).  In  some 
cases  multiple  fission  of  encysted  individuals  has  been  observed 
{2c),  small  simple  flagelluljje  being  produced  which  gradually 
develop  into  the  perfect  form. 

The  order  is  esjjecially  interesting  from  the  fact  that,  with  the 
exception  of  Sponges  and  the  larva  of  a  Sea-Urchin,  it  is  the  only 
group  in  the  animal  kingdom  in  which  the  collar  occurs. 

Order  3. — Dinoflagellata. 

The  leading  features  of  this  gix>up  are  the  arrangement  of  the  two  flagella 
which  they  always  possess,  and  the  usual  presence  of  a  remarkable  and  often 
very  beautiful  and  complex  shell. 

The  body  (Fig.  53,  1)  is  usually  bilaterally  asymmetrical,  i.€.  it  may  be 
divided  into  right  and  left  halves  which  are  not  precisely  similar.  On  the 
ventral  surface  is  a  tongUudiiial  groove  (/.  gr.),  extending  along  the  anterior  half 
only,  and  meeting  a  tranavtrse  groove  {t.  gr. ),  which  is  continued  round  the  body 
like  a  girdle.  From  the  longitudinal  groove  springs  a  large  flagellum  (Jl.  1), 
which  is  directed  forwards  and  serves  as  the  chief  organ  of  propulsion  ;  a  second 
flagellum  {fl.  2)  lies  in  the  transverse  groove,  where  its  wave-like  movements 
formerly  caused  it  to  be  mistaken  for  a  ring  of  small  cilia. 

The  body  is  covered  with  a  shell  (2)  formed  of  cellulose,  and  often  of  very 
complex  form,  being  produced  into  long  and  ornamental  process,  and  markeil 
with  stripes,  dots,  &c.  Besides  a  nucleus  and  a  contractile  vacuole,  the  proto- 
plasm contains  chromatophores  (7,  chr.)  coloureil  with  chlorophyll  or  an  allied 
pigment  of  a  yellow  colour,  called  diatomin.    Nutrition  is  holophytic  or  holozoic 

The  foregoing  description  applies  to  all  the  commoner  genera.  Prorocfntnim 
(3)  is  remarkable  for  the  absence  of  the  transverse  groove,  while  Polyhrikos  (4) 
has  no  fewer  than  eight  transverse  grooves  and  no  shell.  The  latter  genus 
also  has  stinging-caitmnhs  or  ntmatocysts  (a,  h)  in  the  protoplasm,  resembling 
tho0e  of  Zoophytes  (fwe  Sect.  IV.),  and  has  numerous  nuclei  of  two  sizes, 
diBtinguished  as  meganucki  (nu.),  and  micronucUi  {nu'.). 
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The  VinoflagcUiita  are  mostly  murine.     Some  arc  pliosphr 
kinds  occosionaUy  occur  in  Hach  nbunclnnce  in  hays  and 
deep  browuiah  or  red  diecolorBtion  of  the  aen-water. 


Order  4  — Cvstoflagellata. 

Thi«  group  include*  only  two  genera,  Xorliliiea  and  Lepodinnif.     A  dcserip. 
tion  of  A'oflilufa  miliaria,  the  oigauisni  to  which  the  diifiised  pliosphorcacencc 
of  llie  sea  is  hugely  due,  will  serve 
to  give  B  Ittir  notion  of  the  leading 
uharactoriBtius  of  the  order. 

Noctiluca  (Fig.  54)  is  a  nearly 
globular  organism,  about  1  mm.  in 
diameter.  It  is  covered  with  a, 
delicate  cuticle,  and  the  medullary 
protoplMm  IB  greatly  vacuoUted. 
On  one  side  is  a  groove  from 
which  spriDgH  a  very  large  and 
Btout  Sagellum  or  Wxtaclf  ( V ),  no- 
t  iecable  for  its  transverse  atriatiou. 
Near  the  Iiaae  of  this  flagellum  is 
the  u]outh  (fn. ),  leading  into  a  aborrt 
gullet  in  which  is  a  second  flagel- 
lum  (/I,  very  small  iu  proj«rtioii 
to  the  first.  On  the  sule  oppoBit« 
to  the  mouth  ia  n  strongly  marked 
superficial  ridge.  The  light- giving 
region  ia  the  cortical  proloplasni. 
in,  the  Duoleus  dividing  indirectly, 
preceiied  by  cnujugation,  Bonietiinea  not. 
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Tlwsporeai^f^.  formed  br  the bnaking  iipoltbr|aTAO^Mm<rflli«|«miI.  nc^w 
in  a  fcnn  rcr;  nnlifce  the  ulult.  the  leoUrle  or  Urge  fla^Unin  hein^:  repre- 
KDled  bf  •  tbort  ihick  pmcoB.  irhile  the  mun  jTimming  organ  of  th«  d>g«UaU 
bcccmM  the  Knall  on]  flagcUnm  of  the  adnlt. 


CLASS  IT— SPOROZOA. 

1.  Example  of  the  Class — Jfomx-ftttU  ajiiiA. 

One  of  the  mast  readily  procured  Sfwrozoa  is  the  micMSCopic 
worm-like  ifoHcct/tlU  ayiJU  i  Fig.  55.  A,  B).  which  is  commoulr 
found  leading  a  parasitic  hfe  in  the  vosiculse  seminaW  of  the 
common  Earthworm.  It  is  llattenc<].  givatly  elongated,  pointed 
at  both  ends,  and  performs  slow  movements  of  expansion  and 


contraction,  reminding  us  of  those  of  Eugh'na.  The  protopl.-isinii- 
body  is  covered  with  a  rimi  cuticle,  and  is  distinctly  dividiil  into 
a  denser  superficial  portion,  the  corttj.-.  and  a  central  st-tni-tlnid 
mass,  the  mclidla.  Thire  is  a  hirge  clear  nucleus  (/tii.l  with  a 
distinct  nucleolus  and  nuclear  inembnme.  hut  the  other  organs  of 
the  protozoan  cell-body  are  absent:  thi-n'  is  no  trace  of  contnictile 
vacuole,  of  Hagella  or  i>si-Hdo|>.¥ls,  of  mouth  or  gullet.  Nutrition 
is  effected  entirely  by  absorption. 

Repnxhiction  takes jjlaoe  by  a  peciiiiar  ami  oha  met  oris  tic  pn>cess 
of  spore-foniiation.  Either  a  shigle  imiiviiiual.  or  two  in<lividua1s 
closely  applied  together  but  not  actually  fus*Hl,  K-coine  i'ncyste<l. 
Multiple  fission  then  taki-s  place  (O,  the  proto]»lasiu  bi-ci.inint; 
divide*!  into  an  iniuienst'  nunibiT  of  spindie-sliaixfi  spons.  each 
surrounded   with   a  strong    chitiuoid    cwit.  anil    thus    dirt'ering 
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markedly  from  the  naked  spores  of  the  Rhizopoda  and  Mastigo- 
phora.  The  protoplasm  oi  each  spore  then  under^^oes  fission, 
becoming  divided  into  a  number  of  somewhat  sickle-shaped 
bodies,  which  are  arranged  within  the  spore-coat  somewhat  like 
a  bundle  of  sausages.  By  the  rupture  of  the  spore-coat  these 
falciform  young  are  liberated  and  at  once  begin  active  move- 
ments, the  thin  end  of  the  body  moving  to  and  fro  like  a  clumsy 
flagellum.  The  falciform  young  appear,  in  fact,  to  be  greatly 
m(xlified  flagellulae.  They  make  tneir  way  to  the  clumps  of 
developing  sperms,  bore  their  way  in,  and  are  thus  found  sur- 
rounded by  sperm-cells  in  various  stages  of  development  (D — F). 
After  thus  living  an  intra-cellular  life  for  a  time,  they  escape  into 
the  cavity  of  the  vesicula  (G)  and  grow  into  the  adult  form. 


2.  Classification  and  General  Organisation. 

The  Sporozoa  are  exclusively  parasitic,  being  the  only  group  of 
Protozoa  of  which  this  can  be  said.  They  have  no  organs  of 
locomotion  and  always  multiply  by  spore-formation.  The  class  is 
divisible  into  the  following  four  orders : — 

Order  1. — Gregarinida. 
Sporozoa  in  which  the  adult  is  free  and  motile. 

Order  2. — Coccidiidea. 
Sporozoa  in  which  the  adult  is  a  minute  intra-cellular  parasite. 

Order  3. — Myxosporidea. 
Sporozoa  in  which  the  adult  is  amoeboid. 

Order  4. — Sarcocystidea. 
Elongated  Sporozoa,  usually  found  in  muscle. 

Systematic  Position  of  the  Example. 

Monocystis  agilis  is  a  species  of  the  genus  Monocystis,  belonging 
to  the  Family  Monocystidw,  of  the  order  GrregaHnidu,  It  is  placed 
in  the  Gregarinida  on  account  of  being  free  and  motile  in  the 
adult  state.  The  absence  of  partitions  dividing  the  protoplasm 
into  segments  indicates  its  position  among  the  Monocystidae. 
Monocystis  is  distinguished  by  its  elongated  form,  by  the  absence 
of  any  special  apparatus  in  the  cyst  for  the  liberation  and  dispersal 
of  the  spores,  and  by  its  spindle-shaped  spores  with  thickened 
ends,  each  producing  4 — 8  falciform  young.  The  differences 
between  the  species  of  Monocystis  depend  largely  upon  size. 
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Order  1. — Gregarijjida. 


All  the  more  typical  members  of  the  class  belong  to  this 
group.  With  the  exception  of  Monocystis,  already  described,  the 
only  genus  to  which  it  will  be  necessaiy  to  draw  attention  is 
Gregarina  (Fig.  56),  the  various  species  of  which  are  parasitic  in 
the  intestines  of  Crayfishes,  Cockroaches,  Centipedes,  and  other 
articulated  animals.  It  diSbrs  from  Monocystis  in  hanng  the 
medullary  protoplasm  of  the  adult  divided  into  two  sections,  an 
anterior,  the  protomcritc  (pr.),  and  a  posterior,  the  <lfutomcnte 
{deu.),  in  which  the  nucleus  is  situated.  Anteriorly  to  the  proto- 
merite  there  is  sometimes  found,  especially  in  young  individuals. 


i,  loTMf  paoudapud ;  ' 


Laral4>pinci 


*    ~     Tivcn  diHcbuTct^ ' 
iimcritu;  ji*f.  i.  ^i»rt  |K«vii<i<>iHid : 


uf  npuna ;  iir'.  upgroaucM.    (FVutn  Untachll'"  rmiKiyt. 


a  third  division,  the  rpimcritt  (ep.),  which  is  somotimfs  jirovidtHl 
with  hooks  <B').  st-rving  to  attach  the  iwinL-iite  to  the  cpitht-iium 
of  the  intestine  of  its  host.  As  maturity  is  n^achtni  the  f|>iuu'rite 
is  thrown  ofl"(B-),  an<l  the  panisite  then  lies  freely  in  the  cavity  of 
the  intestine. 

The  c)'sts  of  On>garina  (C)  are  often  vt-ry  complex  and  are 
provided  with  delicate  ducts  (.sj«/.i  in  the  thickness  of  the  wall, 
through  which  the  spores  I'sc.ipe.  In  (Irdjuriiiii  iji'/onlai  of  thy 
Lobster,  the  yoimp  is  libemted  from  the  spore  in  the  iiinnof  a  non- 
nucleated  aiiKi'bula  (D'),  with  one  h^ng  and  one  short  pseudojxid 
(D°):  this  divides  by  the  long  i>seudojj.Hi  ip^l,..')  bi-ctwung  sciwi- 
rated  off,  and  each  pnxluct  of  iission,  develo])ing  a  nucleus,  ]ias.si>.s 
into  the  adult  fonn  ^D»,  D*.) 
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Order  2. — Coccidiidea 

The  members  of  this  order  are  extremely  minute  and  simple  forms  which 
occur  as  parasites,  not  in  the  intestine,  but  in  the  actual  cells  of  various  animals. 
Eimeria  (Fig,  57,  1),  for  instance,  is  found  in  the  intestinal  epithelium  of  the 


ie; 


msria 


S.Ceecidium 


Fio.  57.— Coccidiidea.  A,  adult  Eimeria  (e)  in  onterio  epithelial  cell  (ep.)  of  mouse ; 
B,  encysted  form ;  C.  encysted  form,  the  protoplasm  contracting  to  form  a  spore ;  D,  formation 
of  falciform  young (/.)  in  interior  of  spore  (w>.);  B,  spore  with  falciform  young;  F,  adult 
encysted  form  of  Ooeeidium  from  liver  of  rabbit ;  G,  division  into  spores ;  H,  cyst  containing 
ripe  spores  (up.),  each  with  a  single  falciform  youing ;  I,  single  spore  with  falciform  young  (/.). 
((rom  BUtschli's  Protozoa,  after  Leuckart  and  Eimer.) 

mouse  and  the  sparrow,  Coccidium  {2)  in  the  rabbit's  liver,  and  Klossia  in  the 
epithelium  of  the  kidney  of  molluscs.  They  are  not  locomotive,  but  remain 
quiescent  in  the  cell  (A),  finally  encysting  (C),  and  producing  one  or  more  spores 
(D),  in  each  of  which  one  or  more  falciform  young  (E)  are  developed.  The 
remarkable  parasite,  Drepanidium  rajiarumy  found  in  the  blood  corpuscles  of  the 
frog,  is  probably  the  falciform  stage  of  some  unknown  member  of  this  order. 

Order  3. — Myxosporidea. 

This  group  includes  a  small  number  of  genera,  which  differ  from   other 
Spoi*ozoa  in  being  amoeboid  (Fig.  58,  A).     Many  nuclei  are  present,  but  whether 


Fio.  58.— a,  WyxldiQin  lieberkfthniiy  amoeboid   phase;    B,   SCyxobolvB    miilleri, 

spore  with  discharged  nematocvsts  (nfc);   C,  spores  (paorosperms)  of  a  Myxosporidian ; 
ntc.  nematocysts.    (From  BUtschli's  Protozoa.) 

this  condition  is  due  to  the  multiplication  of  a  single  nucleus  or  to  the  organism 
being  a  plasmodium  is  not  known.  A  good  example  of  the  order  is  Myxidium, 
found  in  the  urinary  bladder  of  the  pike. 


II  PHYLUM  PROTOZOA  79 

The  spores  are  often  very  complex  ;  in  some  cases  (B)  they  possess  organs 
like  the  trichocysts  of  Infusoria  and  the  nematocysts  of  Zoophytes  {vide  infra) ; 
in  others  they  have  the  form  of  curious  twisted  bodies  called  jisorospemis,  found 
in  the  gills,  kidneys,  &c. ,  of  fishes  ;  they  have  been  seen  to  liberate  ama'bula*. 

Order  4. — Sarcocystidea. 

The  best  known  form  of  this  order  is  Sarcocyniis  (Fig.  59),  which  occurs  in  the 
flesh  of  mammals,  each  parasite  having  the  form  of  a  long  spindle  embedded  in  a 


Fig.   59.— Sarcocystis   miescheri,    adult  form  («)  in  striped  muscle  of  pig.     (From 
BQtschli'a  Protozoa,  after  Rainey.) 

striped  muscular  fibre.  They  are  often  known  as  Rainey^a  or  Miencher's 
corjniscles.  The  protoplasm  divides  into  spores  from  which  falciform  young  are 
liberated. 

CLASS  V.-INFUSOEIA. 
1.  Example  of  the  Class — Paramcecium  cmtdatuvx. 

Structure. — Paramcecium ^  the  "  slipper-animalcule,"  is  tolerably 
common  in  stagnant  ponds,  organic  infusions,  &c.  The  body  (Fig. 
60)  is  somewhat  cylindrical,  about  J  mm.  in  length,  rounded  at 
the  anterior  and  bluntly  pointed  at  the  posterior  end.  On  the 
ventral  face  is  a  large  oblique  depression,  the  buccal  groove  {hue. 
gr,),  leading  into  a  short  gullet  (gul.\  which,  as  in  Euglena,  ends  in 
the  soft  internal  protoplasm. 

The  body  is  covered  with  small  cilia  arranged  in  longitudinal 
rows  and  continues!  down  the  gullet.  The  protoplasm  is  very 
clearly  differentiated  into  a  comparatively  dense  co7*tex  (cort.)  and 
a  semi-fluid  mrdulla  {mcd.),  and  is  covered  externally  by  a  thin 
cuticle  {cu,)  continued  down  the  gullet.  The  cilia  are  prolongations 
of  the  cortex,  and  perforate  the  cuticle. 

In  the  cortex  are  found  two  nuclei,  the  relations  of  which  are 
very  characteriitic.  One,  distinguished  as  the  meganucleus  (nu.\ 
is  a  large  ovoid  body,  staining  evenly  with  aniline  dyes,  which, 
when  it  divides,  does  so  directly  by  a  simple  process  of  constriction. 
The  other,  called  the  micronuckus  (pa.  mi.\  is  a  very  small  body 
closely  applied  to  the  meganucleus:  when  it  divides  it  goes 
through  the  complex  series  of  stages  characteristic  of  mitosis 
(p.  16). 

The  contractile  vacuoles  (c.  z'«r.)are  two  in  number,  and  are  very 
readily  made  out.  Each  is  connected  with  a  series  of  radiating 
spindle-shaped  cavities  in  the  protoplasm  which  ser\*e  as  feeders 
to  it.  After  the  contraction  of  the  vacuole  these  cavities  are  set»n 
gradually  to  fill,  apparently  receiving  water  from  the  surrounding 


protoplasm :  thuy  then  contract     1  wha  ging  the  water  into  the 
vacuole,  the  latter  rapidly  enlarging    vh  1     they  disajipear  from 


I 


view ;  finally  the  vacuole  contracts  and  discharges  its  contents 
externally. 

The   cortex   contains    minute    radially    arranged    sacs    called 
trkhonjsts  (trch.).     When  the  animal  is  irritated,  more  or  fewer  of 
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these  suddenly  dL^chaige  a  long  delicate  thread,  which,  in  the 
cooditioD  of  rest,  is  verj-  probably  ojiled  up  within  the  sac.  In  a 
specimen  killed  with  ioaine  or  osmic  acid  the  threads  can  fh^ 
qaently  be  seen  projecting  in  all  directions  from  the  sur&ce  ( C> 

Food,  in  the  form  of  small  hi-ing  organisms,  is  taken  in  by 
means  of  the  current  caused  by  the  ciha  of  the  buccal  groove.  The 
food-particles,  enclosed  in  a  globule  of  water  or  "  food-vacuole" 
(_f.  rat.\  circulate  through  the  protoplasm,  when  the  soluble  parts 
are  giadoally  digested  and  assimilated.  Starchy  and  &tty  matters, 
as  well  as  proteid.'^.  are  available  as  food,  the  digestive  powers  of 
Paramcecium  being  thus  considerably  in  advance  of  those  of  Amceba. 
Effete  matters  ar*  egested  at  a  deliniie  «««/  ^v:4  posterior  to  the 
mouth,  where  the  cortex  and  cuticle  are  less  n^istent  than  else- 
where. The  whole  feeding  process  can  readily  be  obseriied  in  this 
and  other  Infus-ma  by  placing  in  the  water  si>rae  insoluble  colour- 
ing matter,  such  as  carmine  or  indigo,  in  a  line  state  of  division. 

Heprodttctioii. — Multiplication  takes  place  by  transverse 
fission  (D),  the  division  of  the  body  being  preceded  by  that  of  both 
nucieL  As  already  mentioned,  the  meganucleus  diWdes  directly, 
the  micronucleus  indirectly. 

It  has  been  proved,  however,  that  multiplication  by  binari' 
fission  caimot  go  on  indefinitely ;  but  that  after  it  has  been  repeated 


a  certain  numl>-r  of  time?  it   i>  imi-rruplt-d  by  ••■■i\Ji--^s-iI\.au     In 
this  ven'  r<:niarkiible  and  characteristic  pr'.<ci.-s.-i   two  Par.nuu'cia 
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become  applied  by  their  ventral  faces  (Fi^.  61,  A),  but  do  not  fuse. 
The  meganucleus  {mg.  7iu.)  of  each  breaks  up  into  small  masses, 
which  disappear,  being  apparently  absorbed  into  the  protoplasm. 
At  the  same  time  the  micronucleus  (mi,  mt.)  of  each  divides, 
each  product  of  division  immediately  dividing  again,  so  that  each 
gamete  or  conjugating  body  is  provided  with  four  micronuclei  (B). 
Two  of  these  {mi.  nu,\  mi,  nu")  disappear ;  of  the  remaining  two 
one  is  distinguished  as  the  stationary  pronitckiis,  the  other  as  the 
active  pronucleus.  The  active  pronucleus  of  each  Infusor  now 
passes  into  the  body  of  the  other  and  fuses  with  its  stationary 
pronucleus  (D),  each  individual  thus  coming  to  possess  a  single 
nuclear  body  derived  in  equal  proportions  from  the  two  conjugat- 
ing cells  (E).  The  animalcules  then  separate  from  one  another, 
and  the  nucleus  of  each  divides  and  gives  rise  to  the  permanent 
mega-  (G,  Mg,  nu.)  and  micronuclei  (Mi.  nu.). 

2.  Classification  and  General  Organisation. 

In  the  majority  of  the  Infusoria  the  body  is  ciliated  throughout 
life,  but  in  certain  forms  cilia  are  present  only  in  the  immature 
condition,  the  adult  being  provided  with  peculiar  organs  of 
prehension  or  tentacles.     We  thus  get  two  orders,  viz. : — 

Order  1. — Ciliata. 
Infusoria  provided  with  cilia  throughout  life. 

Order  2. — Tentaculifera. 

Infusoria  possessing  cilia  in  the  young  condition,  tentacles  in 
the  adult. 

Systematic  Position  of  the  Example. 

Paramoecium  aurelia  is  one  of  several  species  of  the  genus 
ParavKecium,  belonging  the  Family  Paramcecida^  of  the  sub-order 
Trichostomata,  and  order  Ciliata.  The  presence  of  cilia  in  the 
adult  condition  places  it  among  the  Ciliata :  the  presence  of  a 
permanently  open  mouth  into  which  food  particles  are  swept  by 
the  movement  of  the  cilia,  among  the  Trichostomata.  The  Para- 
moecidaj  are  free-swimming,  asymmetrical,  uniformly  ciliated,  with 
a  ventrally  placed  mouth,  r.  caudatum  is  about  \ — \  mm.  in  length, 
its  length  about  four  times  its  breadth,  rounded  in  front,  and 
bluntly  pointed  behind,  and  has  a  single  micronucleus. 

Order  1. — Ciliata. 

This  order  presents  a  wider  range  of  variations — some  of  them 
of  a  truly  extraordinary  character — than  any  other  group  of 
Protozoa. 
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The  form  of  the  body  is  very  varied :  it  may  be  ovoid  (Fig. 
62, 1),  kidney-shaped  (2),  trumpet-shaped  (5),  vase  or  cup-shaped 
i4t  9) ;  produced  into  a  long,  flexible,  neck-like  process  (5),  or  into 
large  paired  lappets  (6);  flattened  from  above  downwards,  or 
elongated  and  divided  into  segments  reminding  us  of  those  of  an 
articulated  worm  (8), 

Most  species  are  free-swimming,  but  some  are  attached  to  weeds, 
stones,  &c.,  by  a  stalk.  This  may  be  a  purely  cuticular  structure 
(S),  or  may  contain  a  prolongation  of  the  cortex  in  the  form  of  a 
delicate  contractile  aayial  fibre  (Figs.  64  and  65,  ax.f,\  which  serves 
to  retract  the  Infusor,  its  contraction  causing  the  stalk  to  coil  up 
into  a  close  spiral. 

The  arrangement  of  the  cilia  is  also  subject  to  great  varia- 
tion, and  presents  four  chief  types.  In  the  holotrwhous  type,  of 
which  Paramoecium  is  an  example,  the  cilia  are  all  small,  equal- 
sized  or  nearly  so,  and  arranged  in  longitudinal  rows  (Fig.  60,  Fig. 
62, 1),  The  second  or  hetcrotrichmcs  type  is  seen  in  its  simplest 
form  in  Nydotherm  (Fig.  62,  2),  in  which  the  left  side  of  the 
peristome  is  bordered  by  a  row  of  specially  large  adoral  cilia,  the 
rest  of  the  body  being  covered  with  small  cilia.  In  Stcntor  (3) 
the  peristome  is  situated  on  the  broad  distal  end  of  the  tnmipet- 
shaped  body,  and  the  adoral  band  of  cilia  takes  a  spiral  course. 
This  leads  us  to  the  peritrichmcs  typo  of  ciliation :  in  Vorticella 
(Fig.  64)  the  vase-shaped  body  is,  for  the  most  part,  quite  bare  of 
cilia,  but  around  the  thickened  edge  of  the  peristome  passes  one 
limb  of  a  spiral  band  of  large  cilia,  the  other  limb  being  continued 
round  a  raised  lid-like  structure,  or  dm,  into  which  the  distal 
region  is  produced.  This  armngement  of  cilia  reaches  its  greatest 
complexity  in  Epistylis  plicatilis  (Fig.  62,  0\  in  which  the  ciliary 
spiral  makes  no  fewer  than  four  turns. 

But  it  is  in  the  hypotrkhoufi  t}^e  that  the  most  extraonlinarv 
modifications  are  foimd.  The  flattened  body  bears  on  its  doi^il 
surface  mere  vestiges  of  cilia  in  the  form  of  very  minute  processes 
of  the  cuticle,  while  on  the  ventral  surface  the  cilia  take  tho  form 
of  large  hooks,  fans,  bristles,  and  plates  with  fringed  ends  ( Fig.  62, 
7).  The  hooks  and  plates  do  not  vibrate  rhythmically  like  onli- 
nary  cilia,  but  are  moved  as  a  whole  .it  the  will  of  the  animal, 
thus  acting  as  legs.  The  heterotrichous  Ciliata,  in  fact,  in  addition 
to  swimming  freely  in  the  water,  creep  over  the  surface  of  weeds, 
&c.,  very  much  after  the  manner  of  Woodlice.  One  of  the  most 
extraordinar}'  forms  in  this  group  is  Diaphrys,  the  size  and  arrange- 
ment of  its  |)oIymoq)hic  cilia  giving  it  a  very  grotesque  aj)i)ear- 
ance.  In  another  genus  (10)  the  distal  end  of  the  flask-shaped 
body  bears  a  circlet  of  large  fringed  cilia,  giving  the  animal  the 
appearance  of  a  Rotifer  {rule  infra.  Section  VII.). 

In  addition  to  cilia,  many  genenx  possess  delicate  sheets  of 
protoplasm    or   undidating    mciihrancs    in   connection    with    the 

G  2 


84  ZOOLOGY  bkct.  ii 

peristome.  They  contract  so  as  to  produce  a  wave-like  movement 
which  aids  in  the  ingestion  of  food.  In  some  cases  (Fig.  62,  liy 
the  undulating  membrane  (w.  m6.)  is  a  very  large  and  obvious 
structure. 

Certain  peculiar  forms  have  yet  to  be  mentioned.  MtiUicilia  (Fig. 
62,  12)  has  an  irregular  body  of  varying  form,  and  bears  a  small 
number  of  very  long  flagellum-like  cilia.  Another  genus  in  which 
the  cilia  approach  to  flagella  is  Lophomonas  {13),  the  ovoid  body  of 
which  bears  a  tuft  of  close-set  cilia  at  its  anterior  end.  Adino- 
hohcs  (14)  is  remarkable  for  the  possession,  in  addition  to  cilia,  of 
long  retractile  tentacles  used  for  attachment.  In  Didinium  ( 16) 
the  barrel-shaped  body  is  encircled  by  two  hoops  of  cilia. 

As  we  have  seen,  the  meganucleus  in  Paramoecium  is  ovoid :  in 
other  genera  it  may  bo  elongated  and  band-like (3,  mg.  nu),  horse- 
shoe-shaped (P),  very  long  and  constricted  at  intervals  so  as  to 
look  like  a  string  of  beads  (IS),  or  much  convoluted  and  branched 
(17),  In  some  genera  the  meganucleus  undergoes  repeated 
divison,  forming  at  last  a  very  great  number  of  small  bodies  only 
discoverable  by  staining :  this  process  oi  fragmentatwii  of  the  mccletis 
may  proceed  so  far  that  the  protoplasm  of  a  stained  specimen  has 
the  appeamnce  of  being  strewn  with  granules  of  chromatin.  The 
discovery  of  this  phenomenon  has  tended  to  throw  doubt  on  the 
reported  total  absence  of  a  nucleus  in  some  Rhizopods. 

In  nearly  all  species  one  or  more  micronuclei  are  present,  the 
number  sometimes  reaching  nearly  thirty.  In  Opalina  (Fig.  66) 
numerous  nuclear  bodies  (ww.)  are  present  which  divide  by  mitosis, 
and  therefore  resemble  micronuclei :  if  they  are  to  be  considered 
as  such,  this  genus  must  be  held  to  differ  from  the  other  Ciliata 
in  the  total  absence  of  a  meganucleus. 

In  Vorticdla  and  other  peritrichous  genera  there  is  a  single 
contractile  vacuole  (Fig.  64,  c.  vac.\  which,  like  that  of  Euglena, 
opens  through  the  intermediation  of  a  reservoir  into  the  gullet. 
In  the  remaining  Ciliata  there  may  be  one,  two,  or  many — some- 
times a  hundred — contractile  vacuoles  They  may  be  scattered 
all  over  the  cortex  (Fig.  62, 18),  or  arranged  in  one  or  two  rows 
(8).  The  star-like  arrangement  of  radiating  canals,  described  in 
Paramoecium,  occurs  in  several  genera :  or  there  may  be  two  long 
canals,  or  the  number  of  these  channels  in  the  protoplasm  may 
reach  thirty  (19,  c).  In  some  instances  the  protoplasm  is  hollowed 
out  by  numerous  non-contractile  vacuoles  (18,  vac.)  so  as  to 
have  a  reticulate  appearance,  reminding  us  of  the  extra-capsular 
protoplasm  of  Radiolaria. 

Trichocysts^  like  those  of  Pammoecium,  are  found  in  many 
holotrichous  forms,  but  arc  rarely  present  in  the  other  subdivisions 
of  the  oRler.  In  the  peritrichous  Epistylis  umhellaHa,  however, 
there  are  found  numerous  minute  capsules  (Fig.  62,  9,  ntc.) 
arranged   in   j)airs,  each  containing  a   coiled  thread.    They  are 
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obviously  structures  of  the  same  character  as  trichocysts,  and 
their  resemblance  to  the  nevmtocyats  so  characteristic  of  Coalenterata 
(I'irff  infra.  Section  IV.)  is  singularly  close, 

DtgeitlTe  Apparatiu. — Many  parasitic  forms  (Fig.  62,  S.  17  ; 
Fig.  6t>)  have  no  mouth  or  gullet,  and  are  nourished  by  absorp- 
tion of  the  digested  food  in  the  intestine  of  their  host.  The 
simplest  condition  of  the  ingcstive  apparatus  is  found  in  Pro^vdmi 
(Fig.  62,  i.)  and  its  allies,  in  which  the  mouth  (m(A.)  is  at  one  pole 
of  the  ovoid  body  and  is  closed  escept  during  the  ingestion  of 
food,  and  the  gullet  {g.)  ia  a  short,  straight  tube.  Such  forma, 
on  account  of  the  symmetrical  disposition  of  their  organs  and  the 
want  of  difl'erentiation  of  their  cilia — they  are  all  holotrichous — 
may  be  Considered  aA  the  lowest  or  least  specialised  of  the  Ciliata. 
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From  them  there  is  a  feirly  complete  gradation  to  genera,  like 
Paramoaciiim,  having  the  permanently  open  mouth  on  tne  left  side 
of  the  ventral  surface,  at  the  end  of  a  well-marked  buccal  grove 
or  peristome,  Vorttcella  (Fig.  64)  and  its  allies  are  peculiar  in 
having  the  edge  of  the  peristome  {per.)  thickened  so  as  to  form  a 
projecting  rim,  and  in  the  development  of  an  elevated  disc  {d.)  from 
the  area  thus  enclosed:  the  mouth  (vilk.)  lies  between  the  peri- 
stome and  the  disc,  and  between  it  and  the  gullet  proper  (jW.)  is 
interposed  a  section  of  the  ingestive  tube  called  the  vestihiik,  into 
which  the  contractile  vacuole  opens,  and  which  contains  the  anal 
spot.  The  distal  end  of  Vorticella,  with  the  peristome  and  disc,  is 
considered  to  be  dorsal,  the  narrow  end,  to  which  the  stalk  is 
attached,  ventral :  the  mouth  is,  as  usual,  to  the  left.  In  Nycio- 
t/ienis  (Fig.  62,  ~}  and  some  other  genera  there  is,  instead  of  the 
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temporary  anal   spot  described  in  Paramceciura,  a  distinct  anal 
aperture  («.). 

Most  of  the  Ciliata  are  naked,  having  no  shell  or  other  form  of 
■keleton ;  but  in  a  few  forms  the  body  is  provided  with  a  shell  or 
lorica,  formed  of  a  chitinoid  material,  and  reminding  us  of  the 
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similar  structure  found  in  so  many  of  the  Mastigophora.  Some 
(Fig.  62,  4)  havo  bell-like  shells,  variously  omainentctl,  and  in 
others  (Fig.  63,  J)  the  similarly  shajwl  n\\M  is  iJorforated  and 
resembles  the  skeleton  of  some  of  the  Radiularin.  A  chitinoid 
plate  or  o2^e>r III I'.iii  (Fig.  63,C*,o;).)  may  be  fi.'ied  to  the  edge  of  the 
I)eri8tome,  and,  when  the  animal  is  retracted  in  its  case  accurately 
closes  the   mouth   of  the  latter,  or  a   similar  ojiercu  iim  (-7)  is 
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attached  to  the  interior  of  the  tube,  and  is  closed  by  a  contractile 
thread  of  protoplasm  (?«.),  which  acts  as  a  retractor  muscle. 

Compound  forms  or  coloniei  arc  common  among  the  Peritricha, 
rare  in  the  other  subdivisiona  Many  peritrichous  forms  occur  as 
branched,  troe-Uke  colonies,  often  of  great  complexity  (Fig.  62,  9 ; 
Fig.  65).  The  stem  of  these  may  be  a  purely  cuticular  structure 
and  non-contractile  (Fig.  62,  9,  b),  or  may  contain  an  axial 
fibre  or  muscle,  like  that  of  Vorticella  (Fig.  64.  ax:/.).  In  Ophridium 
(Fig.  63,  ^)  the  colony  is  an  irregular  mass,  sometimes  3-4  cm.  in 
diameter,  consisting  of  a  gelatinous  substance  in  which  a  delicate, 
branching  stem  is  embedded,  each  branch  terminating  in  a  zooid. 
Some  genera  (Fig.  63,  5)  secrete  a  hollow,  brown,  gelatinoiis  tube, 
branched  dichotomously;  the  end  of  each  branch  is  the  habitation 
of  one  of  the  zooids. 

Seproductloti.'— T^raTWivrse  Jission  is  the  universid  method  of 
reproduction,  the  entire  jirocesR  taking  from  half  an  hour  to  two 
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hours  in  different  species.  In  Vorticella  (Fig.  64,  E)  and  other 
Peritricha  thi^  plane  of  division  is  parallel  to  the  long  axis  of  the 
bell-shaped  body,  but  as  the  dis^l  surface  probably  corresponds 
with  the  dorsiil  surfece  of  such  forms  as  Paramcecium,  fission 
is  really  transverse  in  this  case  also.  In  such  simple  Peritricha 
as  Vorticel'a  division  proceeds  until  two  zooids  are  produced  on 
a  single  stalk;  one  of  the  two  then  acquires  a  second  circlet 
of  cilia  near  its  proximal  end,  becomes  detached  (E'),  and,  after 
leading  a  free-swimming  life  for  a  time,  settles  down  and  develops 
a  stalk :  in  this  way  the  dispersal  of  the  non-locomotive  sjtecies  is 
ensured.     In  many  species  of  Zoothiimniuvi,  (Fig.  65)  the  zaoids 
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are  diviorpMc :  the  ordinary  bell-shaped  foniis  («.;.)  diviile  in 
the  usual  way,  but  as  they  remain  attached,  the  process  results  only 
in  the  increased  complexity  of  the  colony,  not  in  the  development 
of  a  new  one.  The  larger  zooids  (?■.  s.)  are  globular  and  moutnlesa : 
they  become  detached,  awim  off.  and,  after  a  short  free  existence, 
settle  down,  develop  a  stalk  fF),  divide,  and  so  fonn  a  new  colony. 
In  Vorticella  multiplication  by  UtdtHnii  also  occurs:  a  small 
process  is  piven  off  from  one  side  (Fig-  64,  F),  develops  a  basal 
circlet  of  cilia,  and  swims  off  as  a  nirn'ozooiil,  the  parent  individual 
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or  tnegazooid  being  left  attached  to   the  stalk.      Obviously   this 

Sroceas  is  simply  a  modification  of  binary  fission,  the  products  of 
[vision  being  of  very  different  dimensions,  instead  of  equal-sized  as 
in  the  more  usual  case. 

Spore-formal wn  take  place  in  Colpoda.  The  Infusor  becomes 
encysted,  and  divides  into  two,  four,  and  finally  eight  masses,  each 
of  which,  becoming  surrounded  by  a  special  investment,  becomes 
a  spore.  A  somewhat  similar  proces*  has  been  described  in 
Vorticella  CFig.  64,  JF). 

A  peculiar  kind  of  spore-fomiation,  specially  adapted  to  the 
requirements    of  an   internal    parasite,   takes    place   in    Oi'alinn 
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(Fig.  66),  a  parasite  in  the  intestine  of  the  Frog.  Binary  fission 
takes  place  (D,  E,  F),  and  is  repeated  again  and  again  so  rapidly 
that  the  daughter-cells  are  unable  to  grow  to  the  adult  size  before 
the  next  division.  The  final  results  of  the  process  are  small  bodies 
(G),  each  with  only  two  or  three  nuclei  instead  of  the  large  number 
characteristic  of  the  adult.  These  become  encysted  (H),  and  in 
this  passive  condition  are  passed  out  of  the  Frog's  intestine  with 
its  faeces,  frequently  being  deposited  on  water-weeds.  All  this 
takes  place  during  the  Frog  s  breeding  season :  the  tadpoles  or  Frog- 
larva?  feed  upon  the  water-plants,  and  in  doing  so  frequently  take 
in  the  spores  or  encysted  Opalinae  along  with  their  food.  When 
thisoccurs  the  cyst  is  dissolved  by  the  digestive  juices  of  the  host, 
and  the  protoplasm  of  the  spore  is  set  free  as  a  rounded  body 
with  a  single  nucleus  (I),  which  rapidly  grows  into  an  adult 
Opalina  (K). 

Covjugation,  in  the  form  of  a  temporary  union,  accompanied  by 
interchange  of  micronuclei,  has  been  described  in  Paramoecium,  and 
takes  place  in  many  other  Ciliata.  In  Stylonychia  histrio  there 
is,  instead,  a  complete  union  of  the  two  gametes.  In  Vorticella  union 
is  also  permanent,  and  takes  place,  not  between  two  ordinar}^  forms, 
but  between  one  of  the  ordinary  stalked  individuals,  or  mega- 
gametes,  and  a  free-swimming,  small  form,  or  microgamete, 
produced,  as  described  above,  by  budding  (G^  G-).  The  essence  of 
conjugation  is  the  reception  of  nuclear  material  derived  from 
another  individual :  its  effect  appears  to  be  increased  activity  in 
nmltiplication  by  fission. 

Order  2. — Tentaculifera. 

Judged  from  the  adult  structure  alone,  the  members  of  this 
order  would  certainly  be  placed  in  a  separate  class  of  the  Protozoa : 
it  is  only  in  virtue  of  the  facts  of  development  that  they  are 
united  in  a  single  class  with  the  Ciliata. 

The  body  may  be  globular  (Fig.  67,  Ja)y  ovoid  (/6),  or  cup- 
shaped  (2rt),  but  presents  nothing  like  the  variety  of  form  met 
with  among  the  Ciliata.  The  distinguishing  feature  of  the  group 
is  furnished  by  the  tentacles  which  are  always  present  in  greater 
or  less  number,  and  which,  in  some  cases  at  least,  are  the  most 
highly  differentiated  organs  found  in  the  whole  group  of  Protozoa. 
The  characters  of  the  tentacles  vary  strikingly  in  the  different 
genera. 

In  the  common  forms  Achieta  (i?),  and  Podophrya  (i),  the  ten- 
tacles spring  either  from  the  whole  surface  or  in  groups  from  the 
angles  of  the  somewhat  triangular  body.  Each  tentacle  is  an  elon- 
gated cylindrical  structure  (ic),  capable  of  protrusion  and  retrac- 
tion, and  having  its  distal  end  expanded  into  a  sucker.  It  is,  more- 
over, practically  tubular,  the  axial  region  consisting  of  a  semi-fluid 
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tHTotoplasm,  while  the  outer  portion  is  tolerably  firm  and  resistant. 
When  partially  retracted,  a  spiral  ridge  is  sometimes  observable 
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aroun<)  the  tuntacle :  this  may  indicate  the  presence  of  a  band  of 
specially  contnictile  protoplasm,  resembling  the  axial  fibre  in  the- 
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stelk  of  Vortkella.  Irifusora  and  other  organisniB  are  caught  by 
the  tentacles  (4,  0),  the  cuticle  of  the  prey  is  pierced  or  dissolved 
where  the  sucker  touches  it,  and  the  semi-fluid  protoplasm  can 
then  be  seen  flowing  down  the  tentacle  into  the  b«ly  of  the 
captor.  A  single  tentacle  only  may  be  present  (3),  or  the  tentacle 
may  be  branched  (4),  the  extremity  of  each  branch  being  sue* 
tonal.  In  some  forms  there  are  no  terminal  snckera  {S),  and  the 
tentacles  are  waved  about  to  catch  the  prey  instead  of  standing 
out  Kliffly  a,s  in  Acineta.  In  other  cases  there  are  one  or  more 
long  striated  tentacles  with  tufted  ends  (7). 

The  Ducleiu  may  be  ovoid  (Jn),  horseshoe-shaped,  or  branched 
(8,0) :  in  some  cases  a  microniicleiis  {1  a,  mi.  nu.)  has  been  foimd. 
There  are  one  or  mure  contractile  vacuole!  (c  vttp.). 

Some  genera  are  naked  (/I;  nili.rs  Inrm  a  stalked  shell  or 
lorica  (^  a)  like  that  met  witli  in  niiiiiy  nf  the  Mastigophora. 

The  only  colonial  form  is  the  wonderful  Demlroaoma  (9),  in 
which  the  entire  colony  attains  a  length  of  about  2  mm.,  and  bears 
an  extraordinary  resemblance  to  a  zoophyte  {vide  infm.  Sect.  IV,). 
It  consists  of  a  creeping  stem  from  which  vertical  branches  spring, 
and  the  various  ramifications  of  these  are  terminated  in  Podo- 
phrya-like  zooids  with  suctorial  tentacles.  The  nucleus  is  very 
remarkable,  extending  as  a  branched  axis  throughout  the 
colony  (b, ««.). 

Reproduction  by  binary  Jisaion  takes  place  in  many  species. 
In  Upkelola  ijemmipara  (5)  a  peculiar  process  of  huddhiii  occurs : 
the  distal  end  of  the  organism  grews  out  into  a  number  of  pro- 
jections or  buds,  into  which  branches  of  the  nucleus  extend.  These 
become  detached,  acquire  cilia  on  one  surface,  and  swim  off  (b). 
After  a  short  active  existence  tentjiclea  appear  and  the  cilia  are 
lost.  In  this  case  budding  is  external,  but  in  AcintUi  tiiberosa,  (2  b) 
the  buds  become  sunk  in  a  depression,  which  is  finally  converted 
into  a  closed  hrood-cavity  (b.c.) ;  in  this  the  buds  take  on  the  form 
of  ciliate<l  embrj'os,  which  finally  escape  from  the  parent.  In 
Dcjidrosonia  the  common  stem  of  the  colony  produces  both  internal 
and  external  buds  (b,  M.). 

Furtiier  Seniarls  on  the  Protozoa. 

The  majority  of  the  Protozoa  are  aquatic,  the  phylum  being 
equally  well  represented  in  fresh  and  salt  water.  They  iweur 
practically  at  all  heights  and  depths,  from  H.OOO  to  10,000  feet 
above  sea-level,  to  a  depth  of  2,000  to  3,000  fathoms.  Some 
forms,  such  as  species  of  Amceba  and  Gromia,  live  in  damp  sand 
and  moss,  and  may  therefore  be  almost  considered  as  terrestrial 
oi^nisms.  In  accordance  with  theii*  small  size  and  the  readiness 
with  which  they  are  transported  from  place  to  place  a  large  pro- 
portion of  genera  and  even  of  species  are  universally  distributed, 
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being  found  in  all  parts  of  the  world  where  the  microscopic  fanna 
has  been  investigated. 

Numerous  parasitic  forms  are  known.  Besides  the  entire  class 
of  Sporozoa,  species  of  Rhizopoda  and  of  Infiisoria  occur  both  as 
internal  and  external  parasites.  Species  of  Amoeba  are  common 
in  the  intestines  of  the  higher  animals,  and  one  species  has  been 
found  in  connection  ^snth  a  cancerous  disease  in  Sheep.  Parasitic 
Vorticella?  are  said  to  give  rise  to  the  skin-disease  eczema  in  Man. 
A  ciliate  Infusor,  Ichthyophthirius,  is  found  in  the  skin  of  fresh- 
water Fishes,  where  it  gives  rise  to  inflammation  and  death. 

Many  instances  have  been  met  with  in  our  sur\ey  of  the 
Phylum,  of  compound  or  colonial  forms,  the  existence  of  which 
seems  at  first  sight  to  upset  our  definition  of  the  Protozoa  as 
unicellular  animals.  But  in  all  such  cases  the  zooids  or  unicellular 
individuals  of  the  colony  exhibit  a  quasi-independence,  each,  as  a 
rule,  fettling,  multiph'ing,  and  performing  all  other  essential 
animal  functions  independently  of  the  rest,  so  that  the  only 
division  of  labour  is  in  such  fonns  as  Zoothtmmium  and  Volvox, 
in  which  certain  zooids  are  incapable  of  feeding,  and  are  set  apart 
for  repnxluction.  In  all  animals  above  Prot«)zoa,  on  the  other 
hand,  the  body  is  formed  of  an  aggregate  of  cells,  some  of  which 
perfonn  one  function,  some  another,  and  none  of  which  exhibit 
the  indejX'ndent  life  of  the  zooid  of  a  protozoan  colony.  It  cannot, 
however,  be  said  that  there  is  any  absolute  distinction  between  a 
colony  of  unicellular  zooids  and  a  single  multicellular  individual : 
Proterospongia  and  Volvox  approach  very  near  to  the  border-land 
from  the  protozoan  side,  and  a  similar  approach  in  the  other 
direction  is  made  by  certain  animals  kno>\Ti  as  Mc^ciKt,  which  will 
be  discussLHl  hereafter  (Sect.  IV.).  Moreover,  the  Mycetozoii,  the 
Plasmodia  of  which  are  fonned  by  the  fusion  of  Amcebulje,  the 
nuclei  of  the  latter  remaining  distinct  and  multiplying,  are  rather 
non-cellular  than  uni-cellular.  This  |X)int  will  also  be  referred  to 
at  the  conclusion  of  the  section  on  Sponges  (Sect.  III.). 

In  each  division  of  the  Protozoa  we  have  found  companitively 
low  or  generalised  forms  side  by  sidt»  with  comj>aratively  high  or 
specialised  genera.  For  instance,  among  the  RhizojXKla,  thert* 
can  be  no  hesitation  in  placing  the  Li»bosii,  and  esj>eci.ally  Prota- 
mcebci,  at  tht*  bottom  of  the  list,  and  the  Radiolaria  at  the  toj). 
Similarly,  among  the  Mastigoj)hora.  such  simple  Flagellata  as 
Oikomonas  (Fig.  47,  J  and  S)  and  HetiTomita  are  obvituisly  the 
lowest  forms,  S'octiluca  and  the  Dinoflagellata  the  highest.  But 
whether  the  Rhizop<xla,  as  a  whole,  are  higher  or  lower  than  the 
Flagellata,  is  a  question  by  no  means  easy  to  answer.  A  flagellum 
certainly  seems  to  be  a  mon*  jsp^cialised  cell-organ  than  a 
pseudopod.  and  some  of  the  Mjistigoj)hom  rise  above  the  highest 
of  the  RhizojHxla  in  the  possession  of  a  firm  cortex  and  cuticle, 


and  the  consequent  assumption  of  a  more  definite  form  of  body 
than  can  possibly  be  produced  by  the  flowing  protoplasm  of  a 
Foraminifer  or  a  Radiolarian.  On  the  other  nand,  tne  nucleus 
of  the  Badiolaria  is  a  far  more  complex  structure  than  that  of 
the  Mastigophora,  and  in  Foraminifera,  Radiolaria,  and  Heliozoa 
the  organism  frequently  begins  life  as  a  flagellula,  a  fact  which, 
on  the  nypothesia  that  the  development  of  the  individual  recapitu- 
lates that  of  the  race,  appears  to  indicate  that  these  orders  of 
Rhizopoda  are  a  more  recently  developed  stock  than  at  any  rate 
the  lower  Flageliata.  These  circumstances,  and  the  fact  that 
Mastigamceba  might  equally  well  be  classed  as  a  lobose  Rhizopod 
with  a  flagellum  or  as  a  Flagellate  with  pseudopods,  seem  to 
indicate  that  the  actual  starting-point  of  the  Protozoa  was  a  form 


capable  of  assuming  either  the  amoeboid  or  the  flagellate  phase. 
From  such  a  startmg-point  the  Lobosa,  Foraminifera,  Heliozoa, 
Radiolaria,  and  Flageliata  diverge  in  different  directions,  the  first 
four  keeping  mainly  to  the  amoeboid  form,  but  assuming  the 
flagellate  form,  in  the  young  condition,  in  the  case  of  Foraminifera, 
Heliozoa,  and  Radiolaria. 

The  Choano  flageliata,  Din  oil  agel  lata,  and  Cystoflagellata  are 
obviously  special  developments  of  the  Flagellate  type  along 
diverging  lines. 

As  to  the  Ciliata,  Lophomonas  and  Multicilia  (Fig.  62, 1~  and  IS) 
appear  to  indicate  the  derivation  of  the  order  from  the  Flagellate 
type,  since  their  cilia  are  long  and  flagellum -like,  but  the  evidence 
is  not  strong  and  no  other  is  at  hand.  The  derivation  <jf  the  Tenta- 
culifera  from  a  ciliatc  type  appears  to  be  clear.  The  Tentaculifera 
and  the  hypotrichous  Ciliata  are  undoubtedly  the  highest  develop- 
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ment  of  the  Protozoan  series,  since  they  show  a  degree  of 
differentiation  attained  nowhere  else  by  a  single  cell. 

The  Mycetozoa  appear  to  have  been  derived  from  the  common 
amoeboid-flagellate  stock,  since  they  are  all  predominantly  amoe- 
boid in  the  adult  condition,  flagellate  when  young.  The  Sporozoa 
probably  had  a  similar  origin,  but  the  characters  of  this  cla!ss  have 
evidently  been  profoundly  modified  in  accordance  with  their 
parasitic  mode  of  life. 

The  diagram  on  the  previous  page  is  an  attempt  to  express 
these  relationships  in  a  graphic  form. 


SECTION   III 

PHYLUM  AND  CLASS  PORIFERA 

The  microscopic  animals  described  in  the  preceding  section 
are,  as  already  repeatedly  pointed  out,  characterised  by  their 
unicellular  character,  and  in  this  respect  stand  in  contrast  to  the 
remainder  of  the  animal  kingdom.  The  animal  kingdom  is  thus 
capable  of  division  into  two  great  subdivisions,  the  Frotozca 
or  unicellular  animals,  and  the  Metazca  or  multicellular — the  latter 
comprising  all  the  groups  that  remain  to  be  dealt  with.  In  the 
earliest  stage  of  their  existence  all  the  multicellular  animals  or 
Metazoa  are,  as  already  pointed  out  (p.  18),  in  a  unicellular 
condition,  originating  in  a  single  cell,  the  fertilised  ovum  or 
oosperm.  By  the  process  of  segmentation  or  yolk-division  the 
unicellular  oosperm  becomes  converted  in  all  the  Metazoa 
into  a  mass  of  cells  from  which  the  body  of  the  adult  animal  is 
eventually  built  up.  Of  the  Metazoa,  the  group  which  appro.xi- 
mates  most  closelv  to  the  Protozoa  is  that  now  to  be  dealt  with — 
the  Porifera  or  Sponges. 

1.  Example  of  the  Class — Syccn  ffchtinositm. 

General  External  Appearance  and   Gross  Structure. — 

Sycon  gelatinosnm}  one  of  the  Calcareous  Sponges,  has  the  form  of  a 
tuft,one  to  three  inches  long,  of  branching  cylindei-s  (Fig.  69),all  con- 
nected together  at  the  base,  where  it  is  attached  to  the  surface  of  a 
rock  or  other  solid  body  submerged  in  the  sea.  It  is  flexible,  though 
of  tolerably  firm  consistency  ;  in  colour  it  presents  various  shades 
of  gray  or  light  brown.  To  the  naked  eye  the  surface  appears 
smooth,  but  when  examined  under  the  lens  it  is  found  to  exhibit 
a  pattern  of  considerable  regularity,  fonned  by  the  presence  of 

1  This  species  is  an  inhabitant  of  southern  seas.  In  aU  essential  respects  the 
account  of  it  given  al)ove  wiU  apply  to  S.  cUiatuniy  a  common  European  species 
which  (litters  chiefly  in  the  absence  of  the  pore -membranes. 
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innumerable  elevatiooa  of  a  polygonal 
whole  surface  and   are   separated  off 
from  one  another  by  a  system  of  de- 
pressed lines.      In  these  depressions 

between  the  elevations  are  to  be  de- 
tected, under  the  microscope,  groups 
of  minute  pores — the  inhalant  porca. 
At  the  free  end  of  each  of  the  cylin- 
drical branches  is  a  small  but  distinct 
opening,  surrounded  by  what  appears 
liVe  a  delicate  fringe.  When  the 
branches  are  bisected  longitudinally 
(Fig.  70),  it  is  found  that  the  temiin.il 
openings  (o)  lead  into  narrow  passages, 
wide  enough  to  admit  a  stout  pin, 
running  through  the  axes  of  the 
cylinders ;   and    the    passages    in    the 


shape,  which  cover  the 


rio.  TO.— ■yoen  K*l>ttmoa«nt.— A  pnrtlou  ulLthily 
nuwnlflod-.  one  cylinder  ((bitt  toILorliibt)  biKclcd 
longltudlDiiU]'  tu  shuw  Che  mntnl  puiwfwtiii;  avtt]- 
opsDlutf  on  Uic  eitcrtur  by  thn  ok'iiIiud.  mid  the 
MlUan  of  tho  liH-urrent  iuhI  nullal  euuiln;  tho 
birtaer  tnillaitiKl  hy  tin-  liUi-k  Iniiiln.  Ihs  IhIut, 
dottod  iiK  nurlu  the  injuLtitm  gf  Ihm  nf  tljo  ffnnJiBi 


interior  of  the  various 
branches  join  where  the 
branches  join — the  pas- 
sages thus  forming  a 
communicating  svstem. 
On  the  wair  of  the 
passages  are  numerous 
hne  apertures  which  re- 
quire a  strong  lens  for 
their  detection.  The 
larger  apertures  at  the 
ends  of  the  branches 
are  the  oseiila  of  the 
sponge,  the  juissagcs  the 
jiaTaffoslric  iatitiis.  If 
a  living  Sycon  is  jilaced 
in  sea-wator  with  which 
has  been  mixed  some 
carmine  jwwdiT,  it  will 
be  noticed  that  the 
minute  particles  of  the 
carmine  seem  to  be  at- 
tracte<l  towartLs  the  sur- 
face of  the  sponge,  and 
will  often  be  seen  to 
l>ass  into  its  substance 
through  the  minute  in- 
hniunt  jmres  already 
mi'ntioned  as  occurring 
in  groups  between  the 
elevations  on  the  outer 
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surface.  This  would  appear  to  be  due  to  the  passage  oi  a 
current  of  water  into  the  interior  of  the  sponge  through  these 
minute  openings  dotted  over  the  surface ;  and  the  movement  of 
the  floating  particles  shows  that  a  current  is  at  the  same  time 
flowing  out  of  each  of  the  oscula.  A  constant  circulation  of 
water  would  thus  appear  tn  be  carried  on — currents  moved  by 
some  invisible  agency  flowing  through  the  walls  of  the  sponge 
to  the  central  paragastiic  cavities,  and  passing  out  again  by 
the  oscula. 

If  a  portion  of  the  Sycon  la  firmly  squeezed,  there  will  be 
pressed  out  from  it  first  sea-water,  then,  when  greater  pressure  is 


In.  TI — ■jeos  K*^tli>OBiuii.    SucILoo  through  ibe  wnll  of  a  cylinder  takm  it  right  lUids* 
to  Uw  iDDg  niei  of   Ibc  nmali,  biulil;  mognmed :  m,  nllcDCftos;  JC,  lucuiTBDt  ouiab  1 
k,  lodM  uuiuli ;  >]>.  ninidlato  iidcidei. 


exerted,  a  quantity  of  gelatinous-looking  matter,  which,  on  being 
examined  microscopically,  proves  to  be  partly  composed  of  a 
protoplasmic  material  consisting  of  innumerable,  usually  more  or 
less  broken,  cells  with  their  nuclei,  and  jtartly  of  a  non-protuplasmic, 
jelly-like  substance.  When  this  is  all  removed  there  remains 
behind  a  toughiah  felt-like  material,  which  maintains  more  or  less 
completely  the  original  shape  of  the  sponge.  This  is  the  skeleton 
or  supporting  framework.  A  drop  of  acid  causes  it  to  dissolve 
with  effervescence,  showing  that  it  consists  of  carbonate  of 
lime.  \\'hen  some  of  it  is  teased  out  and  esamincd  under  the 
microscope,  it  proves  to  consist  of  innumerable,  slender,  mostly 
three-rayed  microscopic  bodies  (Figs.  71  and  72,  sp)  of  a  clear 
glassy  appearance.     These  are  the  calcareous  sj^jc^/cs  which  form 


the      skeleton 
Sycon. 

The  arrangeraent  of  the 
spicules,  their  relation  to 
the  protoplasmic  parts, 
and  the  structure  of  the 
latter,  have  to  be  studied 
ia  thin  sections  of  hard- 
ened specimens  (Figs.  71 
and  72).  An  examination 
of  such  sections  leads  to 
the  following  results. 

Hicrotcoplc  otruc- 
tore. — Covering  the  outer 
surface  of  the  sponge  is 
a  single  layer  of  cells — the 
edodemt  (Fig,  72,  ec) — 
through  which  project 
regularly-arranged  groups 
of  needle-like  and  spear- 
like spicules  {sp'),  tbrm- 
ing  the  pattern  of  poly- 
gonal elevations  on  the 
outer  surface.  The  cells 
of  the  ectoderm  are  in  the 
form  of  thin  scales,  which 
are  closely  cemented  to- 
gether by  their  edges  to 
form  a  si/nci/liuin,  or  mem- 
brane consisting  of  cells 
so  intimately  united  that 
their  boundaries  are  not 
readily  distinguishable. 
The  paragastric  cavities 
are  Imed  hy  a  layer  of 
cells  (en)  which  are  like 
those  of  the  ectoderm, 
but  are  somewhat  thicker 
and  more  granular:  this  is 
the  endoilcnn  of  the  para- 
gastric cavity.  Running 
radially  thrmigh  the  thick 
wall  of  the  cylinders  arc  a 
large  numV-r  of  rcgularly- 
arrango<i  straight  jKissagos. 
Of  these  theru  are  two  sets, 
those  of  the  one  sot — the 
incurrcnt  canals  (Figs.  71 
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and  72 IC) — ^naiTOwer,and  lined  by  ectoderm  similar  to  the  ectodenn 
of  the  surface ;  those  of  the  other  set — the  radial  or  fiagellatc  canals 
(B) — rather  wider,  octagonal  in  cross-section,  and  lined  by  endoderm 
continuous  with  the  limng  of  the  paragastric  cavity.  The  incurrent 
canals  end  blindly  at  their  inner  extremities — not  reaching  the 
paragastric  cavity;  externally  each  becomes  somewhat  dilated, 
and  the  dilatations  of  neighbouring  canals  often  communicate. 
These  dilated  parts  arc  closed  externally  by  a  thin  membrane — 
the  pore  membrane  (Fig.  72,  pm,  and  Fig.  73),  perforated  by  three 
or  four  small  openings  (Fig.  73,  p) — the  inhalant  pores  already 
referred  to.  The  flagellate  canals  are  blind  at  their  outer  ends, 
which  lie  at  a  little  distance  below  the  surface  opposite  the 
polygonal  projections  referred  to  above  as  forming  a  pattern  on 
the  outer  surface ;  internally,  each  communicates  with  the  para- 


Fio.  78.— By  con  fr^lliLtinOBiun.  Sur- 
face view  of  a  pore  membrane  hi^hlv 
magnified ;  p.  inhalant  pore  ;  A,  po«l- 
tiou  of  the  outer  end  of  a  radial  c&aaL 


Fio.    74.— Bycon   ir«l*tlnoBiim. 

An  apopyle  surrounded  by  its  dia- 
phragm ;  fH.  contractile  ccUb. 


gastric  cavity  by  a  short  wide  passage — the  exctcro*ent  canal 
(Fig.  72  exc).  Incurrent  and  flagellate  canals  run  side  by  side 
separated  by  a  thin  layer  of  sponge  substance,  except  at  certain 
points,  where  there  exist  small  apertures  of  communication — the 
prosopyles  (pp), — uniting  the  cavities  of  adjacent  incurrent  and 
flagellate  canals. 

The  ectoderm  lining  the  incurrent  canals  is  of  the  same  character 
as  the  syncytium  of  the  outer  surface.  The  endoderm  of  the 
flagellate  canals,  on  the  other  hand,  is  totally  different  from  that 
which  lines  the  paragastric  cavity.  It  consists  of  cells  of  columnar 
shape  ranged  closely  together  so  as  to  form  a  continuous  layer. 
Each  of  these  flagellate  endoderm  cells,  or  collared  cells,  as  they  are 
termed,  is  not  unlike  one  of  the  Choanoflagellate  Protozoa  (p.  72); 
it  has  its  nucleus,  one  or  more  contractile  (?)  vacuoles,  and,  at  the 
inner  end,  a  single,  long,  whip-like  flagellum,  surrounded  at  its  base 
by  a  delicate,  transparent, collar-like  upgrowth,  similar  to  that  which 
has  already  been  described  as  occurring  in  the  Choanoflagellata.    If 


in  PHYLUM  AND  CLASS  PORIFERA  101 

a  portion  of  a  living  specimen  of  the  sponge  is  teased  out  in  sea- 
water,  and  the  broken  fragments  examined  under  a  tolerably  high 
Sower  of  the  microscope,  groups  of  these  collared  cells  will  be 
etected  here  and  there,  ana  in  niany  places  the  movement  of  the 
flagella  will  be  readily  observed.  The  flagellum  is  flexible,  but 
with  a  certain  degree  of  stiffness,  especially  towards  the  base,  and 
its  movements  resemble  those  which  a  very  supple  fishing-rod  is 
made  to  undergo  in  the  act  of  casting  a  long  line — the  movement 
being  much  swifter  and  stronger  in  the  one  direction  than  in  the 
other.  The  direction  of  the  stronger  movement  is  seen,  when 
some  of  the  cells  are  observed  in  their  natural  relations,  to  be 
frx)m  without  inwards.  It  is  to  these  movements  that  the  forma- 
tion of  the  currents  of  water  passing  along  the  canals  in  due.  The 
collars  of  the  cells  in  specimens  teased  in  this  way  become  for  the 
most  part  drawn  back  into  the  protoplasm. 

The  short  passage  or  excurrent  canal,  which  leads  inwards  from 
the  flagellate  canal  to  the  paragastric  cavity,  differs  from  the 
former  in  being  lined  by  flattened  cells  similar  to  those  of  the 
paragastric  cavity  ;  it  is  partly  separated  from  the  flagellate  canal 
by  a  thin  diaphragm  (Fig.  72,  di,  and  Fig.  74),  perforated  by  a 
large  circular  central  aperture — the  a;popyfe(a^)— which  is  capable 
of  being  contracted  or  dilated :  its  opposite  aperture  of  com- 
munication with  the  paragastric  cavity,  which  is  very  wide,  is 
termed  the  gastric  ostium  of  the  excurrent  canal. 

The  efffect  of  the  movement  of  the  flagella  of  the  cells  in  the 
flagellate  canals  is  to  produce  currents  of  water  running  from 
without  inwards  along  the  canals  to  the  paragastric  cavity.  This 
causes  water  to  be  drawn  inwards  through  the  prosopyles  from 
the  incun-ent  canals,  and,  indirectly,  from  the  exterior  through  the 
perforated  membranes  at  the  outer  ends  of  the  latter. 

Between  the  ectoderm  of  the  outer  surface  and  of  the  incurrent 
canals  and  the  endodenn  of  the  inner  surface  and  of  the  flagellate 
canals  are  a  number  of  spaces  filled  by  an  intermediate  layer — the 
mesoderm  or  mesoglcea — in  which  the  spicules  of  the  skeleton  are 
embedded.  Each  spicule  is  developed  fix)m  a  single  cell  of  the 
middle  layer,  the  remains  of  the  cell — the  sclerohlast — being  some- 
times distinguishable  on  the  surface  of  the  fully  developed  spicule 
as  a  thin  investment.  The  spicules  (Figs.  71  and  72,  sp)  are 
regularly  arranged,  and  connected  together  in  such  a  way  as  to 
protect  and  supjmrt  the  soft  parts  of  the  sponge.  Most  are,  as 
already  noticed,  of  triradiate  form.  Large  numbers,  however,  are 
of  simple  sjx'ar-like  or  club-like  shape  (,s;/) ;  these,  which  are 
termed  the  oxcote  spicules,  project  on  the  outer  surface  beyond  the 
ectoderm,  and  are  arranged  in  dense  masses,  one  opposite  the 
outer  end  of  each  of  the  ciliated  canals,  this  arrangement  pn>- 
ducing  the  pattern  already  referred  to  as  distinguishable  on  the 
outer  surface.     The  thick  outer  layer  in  which  the  bases  of  these 


oxeote  spicules  lie  embedded,  is  termed  the  dmnal  corkx  (dc).  A 
thick  Btratvim  at  the  inner  ends  of  the  canals  and  immediately 
surrounding  the  panigaatric  cavity  is  termed  the  i/aslral  cortex  {gc). 
It  is  supported  by  trinidiate  and  also  by  tetraradiate  spicules,  one 
ray  of  each  of  which  (s^>")  frequently  projects  freely  into  the  para- 
gastric  cavity,  covered  over  by  a  thin  layer  of  flattened  endoderm 
cells. 

The  mesoderm  itself,  as  distinguished  from  the  spicules  which 
lie  embedded  in  it,  consists  of  a  clear  gelatinous  substance  con- 
taining numerous  nucleated  cells  of  several  different  kinds.  Most 
of  these  are  small  cells  of  stellate  shape,  with  radiating  processes — 
the  connective-liasiic  ceils  or  collnieytea  (Fig.  71,  co) ;  others  are  fusi- 
form ;  a  good  many,  the  ainosboid  -nxiridering  cells,  are  Am<Bba-like, 
and  capable  ofmovingaboutfromonepartofthe  sjwnge  to  another. 

Around  the  inhalant  pores  and  the  apopyles  are  elongated  cells 
(Figs.  73  and  74),  sometimes  prolonged  into  narrow  fibres.  These 
are  contractile— effecting  the  closure  of  the  apertures  in  question, — 
and  are  therefore  to  be  looked  upon  as  of  the  nature  airmtscahir 
fibres.  In  the  case  of  the  inhalant  pores  they  are  ectodermal ;  in 
that  of  the  apopyle-s  they  ore  endodermal.  A  band  of  similar 
fibres  surrounds  the  osculum— the  oscular  sphinvkr. 

The  sexual  reproductive  cells — the  ova  (Figs.  71  and  72,  ov)  and 
sperms — are  developed  immediately  below  the  flngtillate  endoderm 
cells  of  the  flagellate  canals,  and  in  the  same  situation  are  to  bo 
found  developing  embryos  (cm,  cm'),  resembling  in  their  various 
stages  those  of  Sycon  rapkanvs,  as  described  below. 

2. ^Distinctive  Characters  and  Clas.sif]cation, 

Sponges  are  plant-like,  fixed,  aquatic  Metazoa,  all.  with  the 
exception  of  one  family,  inhabitants  of  the  sea.  The  primary  form 
is  tbat  of  a  vase  or  cylinder,  the  sides  of  which  are  perforata  by  a 
number  of  pores,  and  in  the  interior  of  which  is  a  single  cavity ; 
but  in  the  majority  of  Sponges  a  process  of  branching  and  folding 
leads  to  the  formation  of  a  structure  of  a  much  more  complex 
character.  The  surface  of  the  Sponge  is  covered  by  a  single  layer 
of  flattened  cells — the  cclodcrm — and  the  internal  cavities,  or  a 
part  of  them,  are  lined  by  a  second  single  layer — the  endoderm, — 
part  or  the  whole  of  which  consists  of  a  single  layer  of  columnar 
cells  each  provided  internally  with  a  long  flagellum.  Between  these 
two  layers  is  a  quantity  of  tissue  usually  of  a  gelatinous  consistency 
— the  mtsoderm  or  mtsogkea — containing  a  number  of  cells  of 
various  kinds,  some  of  which  secrete  the  elements  of  the  skeleton. 
The^eleton  or  supporting  framework, developed  in  the  mesoderm, 
ccFnaists  in  some  cases  of  fine  flexible  fibres  of  a  material  termed 
^ongin;  in  others  of  spongin  fibres  supplemented  by  microscopic 
nliceous  spicules ;  in  others  of  siliceous  spicules  alone ;  in  others 
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of  spicules  of  carbonate  of  lime.  Reproduction  takes  place  both 
asexually  by  the  formation  of  gemmules,  and  sexually  by  means  of 
ova  and  sperms.  The  ovum  develops  into  a  ciliated  free-swimming 
larva,  which  afterwards  becomes  fixed  and  develops  into  the 
plant-like  adult  Sponge. 

The  Sponges  are  sufficiently  far  removed  in  structure  from  their 
nearest  allies — the  Protozoa  on  the  one  hand  and  the  Ccelenterata 
on  the  other — to  justify  us  in  looking  upon  them  as  constituting  one 
of  the  OTcat  divisions  or  phyla  of  the  animal  kingdom.  At  the 
same  time  there  is  so  much  uniformity  of  structure  w^ithin  the 

froup  that  a  division  into  classes  is  not  demanded ;  the  phylum 
orifera  contains  a  single  class. 
The  class  Porifera  is  classified  as  follows : — 

Sub-Class  I. — Calcarea. 

Sponges  with  a  skeleton  of  calcareous  spicules,  and  with  com- 
paratively large  collared  cells. 

Order  1. — Homoccela. 

Calcareous  Sponges  in  which  the  endoderm  consists  throughout 
of  flagellate  collared  cells. 

Order  2. — Heteroccela. 

Calcareous  Sponges  in  which  the  endoderm  consists  partly  of 
flattened  cells,  the  collared  cells  being  restricted  to  flagellate  canals 
•or  chambers. 

Sub-Class  II. — Non-Calcarea. 

Sponges  in  which  the  skeleton  is  either  absent,  or  compose<l  of 
spongin  fibres,  or  of  siliceous  spicules. 

TRIBE  I.—MYXOSPOSGI.^. 

Non-Calcarea  devoid  of  skeleton. 

TPdBE  II.—SILICISPOXGI.'E. 

Xon-Calcarea  provided  with  a  skeleton. 

Order  1. — Hexactixellida. 
SilicispongioD  with  six-rayed  siliceous  spicuU*s. 

Order  2. — Desm()si>oxgle. 
Silicispongiiv  devoid  of  six-rayed  spicules. 

St/sfemafic  Position  of  (he  Example. 

Syccni  gelntinonnm  is  one  of  many  spaits  of  the  ffcnvs  St/enn, 
Sycon  is   one  of  several  genera  of  the  family  ^ycdtidiv  ;  and   the 
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family  Syccttidm  is  one  of  several  families  of  the  ord^r  Heteroccela 
of  the  class  Calcarea,  Among  the  families  of  the  Hetcroaxla^ 
that  of  the  Sycettidce  is  distinguished  by  the  following  features, 
which  characterise  all  its  members: — 

"  The  flagellate  chambers  are  elongated,  arranged  radially  around 
a  central  paragastric  cavity,  their  distal  ends  projecting  more  or  less 
on  the  dermal  surface,  and  not  covered  over  by  a  continuous  cortex. 
The  skeleton  is  radially  symmetrical." 

Of  the  genera  into  which  the  Sycettidce  are  divided,  Sycon  is 
characterised  as  follows : — 

"The  flagellate  chambers  are  not  intercommunicating;  their 
distal  ends  are  provided  each  with  a  tuft  of  oxeote  spicules." 

The  members  of  one  of  the  other  genera  of  the  family — Sycetta — 
while  possessing  the  general  characteristics  of  the  family,  differ  from 
those  of  the  genus  Syc(y>i  in  wanting  the  tufts  of  oxeote  spicules ; 
those  of  a  third — Sycantha — have  the  flagellate  chambers  xmited 
in  groups ;  the  chambers  of  each  group  intercommunicating  by 
openings  in  their  walls,  and  each  group  having  a  single  common 
opening  into  the  gastric  cavity.  The  members  of  this  genus  re- 
semble Sycon,  and  differ  from  Sycetta  in  the  presence  of  tufts 
of  oxeote  spicules  at  the  distal  ends  of  the  flagellate  chambers. 

These  distinctions  between  classes,  orders,  femilies,  and  genera 
are  of  an  entirely  arbitrary  character.  No  such  divisions  exist  in 
nature ;  and  they  are  merely  established  as  a  convenient  way  of 
grouping  the  sponges  and  facilitating  their  classification.  But  a 
classification  of  this  kind,  if  carried  out  on  sound  principles,  should 
nevertheless  have  something  corresponding  to  it  in  nature,  inas- 
much as  the  grouping  of  the  various  divisions  and  subdivisions 
aims  at  expressing  the  relationships  of  their  members  to  one 
another.  The  members,  for  example,  of  the  family  Sycettidce  are 
all  regarded,  on  account  of  the  features  which  they  possess  in 
common,  as  being  more  nearly  related  to  one  another  than  to  the 
members  of  the  other  families,  and  as*  having  been  derived  from  a 
common  ancestor  which  also  possessed  those  features — the  diver- 
gences of  structure  which  we  observe  in  the  different  genera  and 
species  being  the  result  of  a  gradual  process  of  change. 

Within  the  limits  of  the  genus  Sycon,  S.  gelatinosum  is  distin- 
guished from  the  rest  as  a  group  of  individual  Sponges  all  possess- 
ing certain  sjiccific  characters  which  it  will  be  unnecessary  to 
detail  here.  But  the  individual  Sponges  referable  to  this  species 
frequently  differ  somewhat  widely  from  one  another :  there  are 
numerous  individual  variations.  If  we  compare  a  number  of 
specimens  all  possessing  the  species-characters  of  Sycon  gelatino- 
sum, we  find  that  they  differ  in  the  number  of  branches,  in  the 
shape  of  the  cylinders — some  being  relatively  narrow,  some  re- 
latively wide — in  the  degree  of  development  of  the  oscular  crown 
of  spicules,  in  the  ratio  of  the  thickness  of  the  wall  to  the  width 
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of  the  contained  paragastric  cavities,  and  in  many  other  more 
minute  points ;  in  met,  we  iSind  as  a  result  of  the  comparison  that  no 
two  specimens  are  exactly  alike.  These  differences  are  so  great 
that  some  very  distinct  races  or  varieties  of  S.  gelatinosum  nave 
been  recognised,  and  some  have  received  special  names.  Here 
again,  as  in  the  case  of  the  &milies  and  orders,  the  distinctions 
are  ojf  an  arbitrary  character — some  writers  on  Sponges  setting 
down  as  several  species  what  others  regard  merely  as  varieties  of 
one  species.  It  is  impossible,  in  &ct,  to  draw  a  hard  and  &st  line 
of  distinction  between  species  and  varieties.  In  the  higher  groups 
of  animals  the  attempt  is  made  to  establish  a  physiological  dis- 
tinction ;  all  the  members  of  a  species  are  regarded  as  being  fertile 
inter  se,  and  capable  of  producing  fertile  offspring  as  a  result  of 
their  union ;  but  such  a  mode  of  distinguishing  species  is  impos- 
sible of  application  among  lower  forms  such  as  the  sponges.  In 
these  lower  groups,  accordingly,  a  species  can  only  be  defined  as 
an  assemblage  of  individuals  which  so  closely  resemble  one  an- 
other that  they  might  be  supposed  to  be  the  offspring  of  a  parent 
form  similar  to  themselves  in  all  the  most  essential  features. 
And,  according  to  the  view  taken  of  the  relative  importance  of 
different  points  of  colour,  shape,  and  internal  structure,  the  con- 
ceptions of  the  species  and  their  varieties  and  mutual  relationships 
formed  by  different  observers  must  often  differ  widely  from  one 
another. 

3.  Gexeral  Organisation. 

OeneralForm  andModeof  Orowth. — The  simplest  Sponges 
are  vase-shaped  or  cylindrical  in  form,  either  branched  or  un- 
branched,  and,  if  branched,  with  or  without  anastomasis  or 
coalescence  between  neighbouring  branches.  But  the  general 
form  of  the  less  simple  Sponges  diverges  widely  from  that  of  such 
a  branching  cylinaer  as  is  presented  by  Sycon  gelatinosum 
(Fijr.  69). 

From  the  point  to  which  the  einbryonic  sponge  becomes 
attached  it  may  spread  out  horizontally,  following  the  irregulari- 
ties of  the  surface  on  which  it  grows,  and  funning  a  more  or  less 
closely  adherent  encrustation  like  that  of  an  encrusting  lichen 
(Fig.  75,  A),  The  surface  of  such  an  encnistation  may  be  smooth  ; 
more  commonly  it  is  raised  up  into  elevations — rounded  bosses, 
cones,  ridgus  or  lamella? ;  and  the  edges  may  be  entire  or  IoIkhI. 
In  other  cases  the  sponge  grows  at  first  more  actively  in  the 
vertical  than  in  the  horizontal  dirt^ction,  and  the  result  mav  be  a 
long,  narrow  structure,  cylindrical  or  comj)resstKl,  and  more  or  less 
branched  (Fi^.  75.  B).  Sometimes  vertical  and  horizontal  growth 
is  almost  equal,  so  that  eventually  there  is  fonmnl  a  thick,  solid 
mass  of  a  rounded  or  i>olyhedral  shape  (Fig.  75,  C),  with  an  even, 
or  lobed,  or  ridged  suri'ace.  Very  often,  after  active  vertical  growth 
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has  rosiilted  in  the  formation  of  a  coniparati\'t'ly  narrow  basal 
part  or  stalk,  the  Sponge,  expands  distally,  growing  out  into  lobes 
or  branches  of  a  variety  of  different  forms,  and  frequently  anasto- 
mosing. Sometimes,  after  the  formation  of  the  stalk  with  root- 
like  processes  for  attachment,  the  Sponge  grows  upwards  in  such 
a  way  as  to  form  a  cup  or  tube  with  a  terminal  opening.     Such  a 
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cup-shaped  Sponge,  exemplified  in  the  gigantic  Neptune's  Cup 
{Potcrmi,  Fig.  75,  D),  is  not  to  be  confounded  with  the  simple 
vase  or  cup  referred  to  above  as  the  simplest  type  of  Sponge, 
being  a  much  more  complex  structure  with  many  oscula.  Some- 
times the  Sponge  grows  from  the  narrow  base  of  attachment  into 
s  thin  flat  plate  or  lamella  ;  this  may  become  divided  up  into  a 
nmnber  of  parts  or  lobes,  which  may  exhibit  a  divergent  aiTange- 
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ment  like  the  ribs  of  an  open  fan.  Often  the  lamella  becomes 
folded,  and  sometimes  there  is  a  coalescence  between  the  folds, 
resulting  in  the  development  of  a  honey-comb-like  form  of 
sponge. 

Sponges  resemble  plants,  and  differ  from  the  higher  groups  of 
animals,  in  the  readiness  with  which,  in  many  cases,  tneir  form 
becomes  modified  during  growth  by 
external  conditions  (environment). 
Different  individuals  of  the  same 
kind  of  Sponge,  while  still  exhibiting 
the  same  essential  structure  and  the 
same  general  mode  of  growth,  may 
present  a  variety  of  minor  differences 
of  form,  in  accordance  with  differ- 
ences in  the  form  of  the  supporting 
surface  or  in  the  action  of  waves  and 
currents, 

Leading  Modification!  of 
Structure. — Sycon  gelatinosum  be- 
longs to  a  type  of  Spongea  interme- 
diate between  the  very  simplest  forma 
on  the  one  hand,  and  the  more  com- 
plex on  the  other.  The  simplest  and 
most  primitive  of  known  Sponges  is 
one  named  Asceita  primordial^  (Fig. 
76).  It  is  vase-shaped,  contracted  at 
the  base  to  form  a  sort  of  staik  by 
the  expanded  extremity  of  which  it 
is  attached ;  at  the  opposite  or  free 
end  is  the  circular  osculum.  So  far 
there  is  a  considerable  resemblance 
to  Sycon  gelatinosum ;  but  the  struc- 
ture of  ita  wall  in  Ascetta  is  ex- 
tremely simple.  Regularly  arranged 
over  the  surface  are  a  number  of 
small  rounded  apertures,  the  inhalant 
or  incurrent  pores ;  but,  since  the 
wall  of  the  Sponge  is  very  thin,  these 
apertures  lead  directly  into  the  cen- 
tral or  paraga-stric  cavi'ty  (Fig.  11.  A), 
the  long  piis!Jages  or  canals  through  which  the  comnumication  is 
effected  m  Sycon  being  absent.  The  wall  consists  of  the  same 
three  layers  as  in  Sycon.  but  the  middle  one.  though  it  contains 
a  small  number  of  spicules,  is  very  thin.  The  ectoderm  is  a  syn- 
cytium ;  the  ondixlerm,  which  lines  the  pragastric  cavity,  consists 
throughout  of  flagellate  collared  cells  similar  to  those  of  the  fla- 
gellate canals  of  Sycon. 
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A  somewhat  more  complex  tj-pe  of  structure  than  that  of  Ascetta 
is  exhibited  by  those 

I  Sponges  in  which  the 

wall  becomes  thick- 
ened and  perforated 
by  radially-arranged 
canals,  which  open 
directly  on  the  outer 
surface  by  means  of 
inhalant  pores,  and 
lead  directly  into  the 
paragastric  cavity  by 
means  of  apopylcs — 
the  whole  inner  sur- 
face as  well  as  the 
radial  canals  being 
lined  with  flagellate 
endoderm  cells.  In 
forms  which  may  be 
regarded  as  repre- 
senting the  next  stage 
of  development  (Fig. 
77,  B:  see  also  the 
figures  of  Sycon  gela- 
tinosum),  there  are 
formed  by  infolding 
of  the  surface,  in  the 
intervals  between  the 
radial  canals,  canat- 
like  spaces,  the  incur- 
reiU  canak,  lined  by 
ectoderm  and  com- 
municating with  the 
exterior  on  the  one 
hand,  cither  by  a 
wide  opening  or  by 
pores  perforating  a 
pore -membrane,  and 
on  the  other  by  means 
of  small  openings,  the 
"  "  j(TOsqpy/cs,   with    the 

\a  -LL^irrm  I  th>> oinii] i<T>  D  f  varinuH gpoDBH,  tbe  radial  canals.  In 
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collared  cells,  but  in  many,  as  in  Sycon,  these  cells  are  found 
onlj'  in  the  radial  canals,  and  not  in  the  paragastric  cavity, 
which  is  lined  with  flattened  cells  like  those  of  the  ectoderm. 
Sponges  similar  to  Sycon  gelatinosum,  but  with  branching  fla^l- 
late  canals  (Fig.  77,  C),  afford  us  the  next  grade  of  advancing 
complexity.  In  these  the  incuirent  as  welt  as  the  flagellate 
canals  may  form  a  branching  system.  In  all  the  higher  groups 
of  Sponges  (Fig.  77,  D,  and  Fi^.  78)  the  flagellate  endodenn 
cells  are  confined  to  certain  special  enlargements  of  the  canals — 
the  so-called  "  ciliated  chambers  "  C — and  the  rest  of  the  canals  are 
lined  bj"  flattened  cells. 

Special  names  have  been  applied  to  the  main  types  of  canal- 
system  briefly  sketched  above.  Forms  in  which  the  paragastric 
cavity  is  lined  by  flagellate  cells  are  said  to  belong  to  the  Aacon 
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type,  whether  the  paragastric  cavity  communicates  directly  or  by 
flagellate  canals  with  the  exterior.  Forms  in  which  there  is  a 
pamgastric  cavity  lined  by  flattened  celts,  and  a  system  of  radially 
arranged  flagellate  chambers,  are  said  to  possess  the  Spcon  type  of 
structure.  Such  Sponges  as  have  small  rounded  flagellate  cham- 
bers ("  ciliated  chambers "),  communicating  in  most  cases  by 
narrow  branching  incurrent  canals  with  the  exterior  (directly  or 
indirectly)  on  the  one  hand,  and  by  similar  excurrent  canals  with 
the  paragastric  cavity  on  the  other — the  flagellate  cells  being 
confined  to  the  flagellate  chambers — are  said  to  possess  the  Rkagon 
type  of  canal-system. 

The  development  of  branches  from  the  originally  simple  Sponge, 
and  the  coalescence  of  neighbouring  branches  with  one  another, 
greatly  obscure  the  essential  nature  of  the  Sponge  as  a  colony  of 
zooids  similar  to  the  branches  of  Sycon  gelatinosum,  and  this  effect 
is  increased  by  the  development  of  a  variety  of  infoldings  of  the 
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ectoderm  which  appear  in  the  higher  forms.  The  oscula  dis- 
tributed over  the  surface  of  the  mass  may  indicate  the  component 
zooids,  but  these  are  not  always  recognisable,  being  carried  inwards 
by  the  infoldings  or  closed  up  altogether. 

A  thicker  or  thinner  specialised  outer  layer — the  dermal  cortex 
— situated  immediately  below  the  superficial  ectoderm,  is  present 
in  many  Sponges.  This  is  a  layer  of  mesoderm  with  special 
skeletal  elements,  usually  containmg  spaces  and  canals  lined  by 
ectoderm — suhdermal  cavities  (Fig.  78,  SD) — which  communicate 
directly  with  the  exterior.and,  internally,  usually  with  more  deeply 
situated  spaces  {subcortical  cavities),  from  which  the  incurrent  canals 
lead  to  the  ciliated  chambers.  This  dermal  cortex  is  present, 
though  not  highly  developed,  in  Sycon  gclatinosum  (Fig.  72,  rfe), 
and  the  enlarged  outer  ends  of  the  incurrent  canals  lying  in  the 
dermal  cortex,  and  closed  externally  by  the  pore-bearing  mem- 
brane, may  be  regarded  as  representing  dermal  cavities.  In  most 
higher  sponges  a  special  inner  layer  is  developed ;  this  is  the 
gastral  cortex,  represented  in  a  rudimentary  form  in  Sycon  gelatino- 
sum  (Fig.  72,  gc)  as  the  internal  layer  with  special  spicules, 
in  which  the  escurrent  canals  are  situated. 

Hlatology.^In  the  protoplasmic  elements  or  cells  of  the  various 
groups  of  Sponges  there  is  little  variation,  except  in  minor  points. 
The  cells  of  the  ectoderm  (Fig. 
79)  are  flattened  and  form  a 
•i^ncytium  ;  very  rarely  they  as- 
sume other  forms ;  in  some  cases 
each  flattened  ectodermal  cell  is 
provided  with  a  fiagellum.  The 
endodcrm  consists  of  flattened 
cells  similar  to  those  of  the  ecto- 
derm, or  of  flagellate  collared 
cel]<>  In  the  gelatinous  sub- 
stance of  the  mesoderm  are  em- 
bedded connective-tissue  cells, 
amoeboid  wandering  cells,  and, 
in  certain  positions  (around 
orifices),  muscle  cells.  Uni- 
cellular glands  (see  p.  22)  are  present  in  some  sjionges,  both  cal- 
careous and  siliceous ;  also  cells  containing  the  pigment  to  which 
the  bright  colour  of  many  sponges  is  due,  though  in  most  cases 
the  pigment  is  not  confined  to  special  cells,  but  occurs  scattered 
through  the  connective- tissue  cells  and  flagellate  cells.  Fresh- 
water Sponges  are  green,  owing  to  the  presence  of  chlorophyll,  the 
colouring  matter  to  which  the  prevailing  green  colour  of  plants 
is  due.  Sensory  cells  or  nerve  cells  have  been  described  ;  but  the 
nature  of  the  elements  which  have  been  so  regarded  cannot  be 
said  to  have  been  placed  beyond  question. 
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The  elements  of  the  ikeleton  differ  in  character  in  the  different 
classes.  In  the  Calcarea  they  consist  of  calcareous  spicules,  usually 
triradiate  in  form.  Each  of  these  spicules  is  developed  from  a  single 
cell — the  sckroblast.  In  the  Non-Calcarea  the  skeleton  either  con- 
sists of  spongin  fibres  alone  (Fig.  80,  A),  or  of  siliceous  spicules  alone, 


A.Eus|>ongia 


Flo.  SO— Mlcrotmplc  itnictur 

ti(   -pungin  afirw;    fl.   P , 


B.Pachychalina 


or  of  a  cdinbination  of  smmgin  fibres  with  siliceous  s]>ici»k'S  (B) :  in 
sonic  Myxosiwnjfiii'  skeletal  jiarts  arc  altogfther  absent.  Spongin 
is  a  siit^tanci'  allied  to  silk  in  chemical  composition  :  the  fibres  are 
exceedingly  fine  threads,  coii.sisting  of  a  soft  grannliir  core  and  an 
outer  ItiIh;  of  concentric  layers  of  spongin.     These  thn^arls  branch 


and  anaatoraose,  or  are  woven  and  felted  together  in  such  a  way  as 
to  form  a  firm,  elastic  supporting  structure.  They  are  secreted  by 
the  activity  of  certain  cells  of  the  mesoderm,  which  are  called  the 
spfmgin-blasts.  In  certain  exceptional  cases  the  spongin  assumes 
the  form  of  spicules.  The  siliceous  spicules  (Fig.  81)  are  much 
more  varied  in  shape  than  the  spicules  of  the  Calcarea,  and  in  a 
single  kind  of  Sponge  there  may  be  a  number  of  widely  differing 
forms  of  spicules,  each  form  having  its  special  place  in  the  skeleton 
of  the  various  parts  of  the  Sponge-body.  In  most  Non-Calcarea 
siliceous  spicules  and  spongin  fibres  combine  to  form  the  support- 
ing framework,  the  relative  development  of  these  two  elements 
varying  greatly  in  different  cases.  But  in  certain  groups  of  the 
Non-Calcarea,  including  the  common  Washing-sponges  (Fig.  80,  A), 
spicules  are  completely  absent,  and  the  entire  skeleton  consists  of 
spongin.     In  some  Non-Calcarea  which  are  devoid  of  spicules,  the 
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place  of  these  is  taken  by  foreign  bodies — shells  of  Badiolaria, 
grains  of  sand,  or  spicules  from  other  sponges  (Fig.  80,  C).  In 
others,  again,  such  as  the  Venus's  Flower-Basket  (Evpltxtella),  the 
Glass-Rope  Sponge  {Hyalontma),  and  others,  the  skeleton  consists 
throughout  of  siliceous  spicules  bound  together  by  a  siliceous 
cement. 

Keprodnctlon  in  the  Sponges  is  effected  either  sexually  or 
asexually.  The  process  by  which,  in  all  but  the  simplest  forms 
of  Sponges,  a  colony  of  zooids  is  formed  from  the  originally 
simple  cylinder  or  vase,  may  be  looked  upon  as  an  asexual 
mode  of  reproduction  by  budding.  Asexual  multiplication 
also  assumes  the  form  in  some  cases  of  a  process  of  production 
of  internal  buds  in  the  shape  of  groups  of  cells  called  gcvimuies, 
which  eventually  become  detached  and  develop  into  new  indi- 
viduals. In  the  Fresh-water  Sponges  {^KuigiUida)  multiplication 
takes  place  verj-  actively  by  means  of  such  gemmules,  each  of  which 
is  a  spherical  group  of  cells  enclosed  in  an  envelope  composed  of 
peculiarly   shaped  siliceous  spicules,  termed  am-phidiscs  (Fig,  81, 
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right  side).  These  gemmules  are  formed  in  the  substance  of  the 
Sponge  towards  the  end  of  the  year;  they  are  set  free  by  the 
decay  of  the  part  of  the  parent  sponge  in  which  they  are  de* 
veloped,  and  fall  to  the  bottom.  In  spring  the  contained  mass 
of  protoplasmic  matter  reaches  the  exterior  through  an  aperture — 
the  micT&pylc — in  the  wall  of  the  gemmule,  and  develops  into  the 
adult  form. 

All  Sponges  multiply  by  a  sexual  process — by  means  of 
male  cells,  or  sperms^  and  female  cells,  or  ova.  These  are 
developed  from  certain  of  the  amoeboid  wandering  cells  of  the 
mesoderm,  which  take  up  a  special  position,  usually  immediately 
below  the  collared  cells  of  the  endoderm.  Ova  and  sperms  are 
developed  in  the  same  Sponge,  but  rarely  at  the  same  time.  The 
amoeboid  cell  destined  to  form  sperms  divides  into  a  number  of 
small  cells,  giving  rise  to  a  rounded  mass  of  sperms.  The  latter, 
when  mature,  have  oval  or  pear-shaped  heads  and  a  long  tapering 
appendage  or  tail.  Each  amoeboid  cell  destined  to  form  an  ovum 
enlarges,  and  eventually  assumes  a  spherical  form.  After  a  sperm 
has  penetrated  into  its  interior  and  effected  impregnation,  the  ovum 
usually  becomes  enclosed  in  a  brood-capsule  formed  for  it  by  certain 
neighbouring  cells,  and  in  this  situation,  still  enclosed  in  the  parent 
Sponge,  it  undergoes  the  earlier  stages  of  its  development. 

In  Sycon  the  course  of  the  development  is  as  follows.  Imme- 
diately after  impregnation  the  ovum  divides  into  two  cells ;  each 
of  these  again  divides  into  two,  the  plane  of  the  second  division 
being  at  right  angles  to  that  of  the  first  A  vertical  radial  fissure 
then  appears,  dividing  each  of  these  four  cells  into  two ;  so  that  the 
embryo  ( Fig.  82,  6,  c)  now  consists  of  eight  cells,  which  are  of  a 
pyramidal  shape,  and  arranged  in  one  layer  in  a  radiating  manner, 
m  such  a  way  as  to  form  a  flat  cone  with  a  central  aperture.  The 
apices  of  the  eight  pyramidal  cells  are  next  separated  off  as  a 
ring  of  eight  small  cells  from  the  rest  of  the  cells,  which 
remain  as  eight  larger  cells.  The  eight  small  cells  are  the  endodcmt 
cells,  the  eight  larger  are  the  cctodena  cells.  The  cells  are  arranged 
so  as  to  form  the  wall  of  a  sphere — the  hlastula  (Fig.  82,  d) — 
with  a  central  cavity,  the  ectoderm  cells  being  on  one  side  of  the 
sphere  and  the  endoderm  cells  on  the  other.  The  endoderm  cells  soon 
increase  greatly  in  number  by  further  division,  and  remain  clear ; 
the  ectotlemi  cells  divide  more  slowly,  and  become  granular.  The 
clear  cells  become  elongated,  and  flagella  arc  developed  at  their 
outer  ends  (Fig.  82,  e).  The  granular  cells  become  pushed 
inwards  so  as  to  be  partially  enclosed  by  the  clear  cells,  the  space 
{segnuntation  cavity  or  hladoccele)  in  the  interior  of  the  blastula  be- 
coming greatly  reduced.  In  this  stage  of  development — termed  the 
amjyhih/asfida  (Fig.  82,  e)  the  embrjo  Sycon  escapes  from  the 
enclosing  capsule  into  the  flagellate  canal  and  reaches  the  exterior. 
It  is  now  an  oval  body  consisting  of  a  mass  of  cells,  of  which 
VOL  I.  I 
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those  on  the  one  side  are  nwmeroiis,  clear,  narrow,  an-aiiged 
parallel  with  onci  another  and  provided  with  cilia  at  their  free 
ends  while  those  on  the  other  are  fewer  and  larger  of  rounded 
shape  coarsely  granular  and  di  v  o  d  of    la    between  these  two  sets 


[From  Solliu,  itttsr  SiJiuln.) 


of  cells  is  a  cavity  in  which  are  a  few  cells — the  beginning  of  the 
middle  layer.  The  clear  cells  next  become  pushed  in  or  in- 
Taginatod  within  the  granular  cells  (Fig,  82,/)  so  that  the  embryo 
becomes  converted  into  a  double- walled  cup — the  gnstrttla — the 
outer  layer  of  the  wall  of  which  is  formed  by  the  granular  ectoderm 
cells,  and  the  inner  by  the  clear  endoderm.     The  flagella  of  the 
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clear  cells  disappear  at  this  stage,  and  the  ectoderm  cells  become 
amoeboid  and  lose  their  granular  character.  The  opening  of  the 
cup  or  gastrula — the  hlastoporc — at  first  a  wide  opening,  soon 
becomes  narrowed,  and  eventually  closes  up  completely.  A  clear 
layer  containing  cells — the  mesogloea — has  now  become  developed 
between  the  other  two,  and  in  this  the  first  spicules  become 
developed.  The  embryo  has  meanwhile  become  fixed  by  the  side 
on  which  the  blastopore  was  situated  (Fig.  82,  g\  and  soon  assimies 
a  cylindrical  form  (Fig.  82,  A,  i).  An  aperture  which  is  developed 
at  the  fi:ee  end  becomes  the  osculum,  and  small  perforations  in 
the  sides  of  the  cylinder  form  the  inhalant  apertures.  As  the  wall 
of  the  cylinder  increases  in  thickness  by  the  growth  of  the 
mesogloea  the  radial  canals  are  formed,  the  endodcrm  extending 
into  them  and  its  cells  becoming  flagellate. 

The  amphiblastula  type  of  larva  is  characteristic  of  the  Calcarea, 
and  is  probably  imiversal  in  that  sub-class,  except  in  such  primi- 
tive forms  as  Ascetta.  In  the  latter  there  is  an  oval  blastula  with 
a  wall  composed  of  a  single  layer  of  flagellate  cells.  From  the 
posterior  pole  of  the  blastula,  where  the  cells  are  more  granular, 
cells  pass  into  the  segmentation  cavity,  which  they  eventually 
completely  fill.  The  central  mass  of  cells  thus  formed  gives  rise 
to  the  collar-cells  of  the  flagellate  chambers,  the  outer  layer  to  the 
flattened  ectoderm. 

In  the  Silicispongise,  on  the  other  hand,  the  typical  lar\'a  is  a 
solid  body  with  a  superficial  layer  of  ciliated,  and  an  internal  mass 
of  granular  cells.  From  the  former,  apparently,  the  collared  cells  of 
the  flagellate  chambers  are  fonned :  from  the  latter  the  external 
ectoderm  and  the  flattened  cells  lining  the  canals.  The  granular 
cells  break  through  the  ciliated  cells  at  one  end  and  grow  over 
the  latter  as  an  investing  layer.  This  is  a  remarkable  reversal  of 
what,  as  will  be  seen  subsequently,  is  to  be  observed  in  the 
Ckelenterata  and  in  fact  in  the  rest  of  the  Metazoa,  but  is  readily 
reconcilable  with  what  takes  place  in  Sycon  and  the  more  complex 
Calcarea. 

Dietribution  and  Mode  of  Occurrence  of  Sponges,  and 
their  Position  in  the  Animal  Series. — Fossil  remains  of  Sponges 
have  been  found  in  various  formations  from  those  of  the  Cambrian 
period  onwards,  the  greatest  abundance  being  found  in  the 
Chalk.  No  extinct  class  or  order  has  been  detected,  the  fossil 
forms  being  all  members  of  existing  groups.  Some  of  the  orders 
of  existing  Sponges — such  as  the  Myxospongia^ — are  incapable  of 
being  preserved  as  fossils,  and  the  fossil  forms  belong,  as  we  should 
expect,  to  the  more  highly  silicified  Non-Calcarea  and  to  the  more 
complex  groups  of  the  Calcarea. 

Fresh-water  Sponges  (Sjxmgillida)  occur  in  rivers,  canals,  and 
lakes  in  all  the  great  divisions  of  the  eiirth  s  surface.  Marine 
Sponges  occur  in  all    seas,  and  at  all  depths,  from   the  shore 
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between  tide-marks  to  the  deepest  abysses  of  the  ocean.  The 
Calcarea  and  the  true  homy  spongea  (Ceratoaa)  are  most  abundant 
in  shallow  water,  and  have  not  been  found  below  450  fathoms. 
The  Spongea  found  at  the  greatest  depths  are  members  of  the 
groups  Hexadinellkla  and  Choristida  of  the  Non-Calcarea. 

Sponges  do  not  appear  to  be  edible  by  Fishes  or  even  the  higher 
Crustaceans  or  Molluscs.  Countless  lower  animal  forms,  however, 
burrow  in  their  substance,  if  not  for  food,  at  least  for  shelter,  and 
the  interior  of  a  Sponge  is  frequently  found  to  be  teeming  with  small 
Crustaceans,  Annelida,  Molluscs,  and  other  invertebrates.  None  of 
the  Sponges  are  true  parasites.  The  little  Boring  Sponge,  Cliona, 
burrows  in  the  shells  of  Oysters  and  other  bivalves,  but  for  pro- 
tection and  not  for  food.  But  a  Sponge  frequently  lives  in  that 
close  association  with  another  animal  or  plant  to  which  the  term 
mesgmateism,  or  commensalism,  is  applied,  associations  which  benefit 
one  or  both.  Thus  some  species  of  Sponge  are  never  found  growing 
except  on  the  backs  or  legs  of  certain  Crabs.  In  these  cases  the 
Sponge  protects  the  Crab  and  conceals  it  from  its  enemies,  while  the 
Sponge  benefits  by  being  carried  from  place  to  place  and  thus  ob- 
taming  freer  oxygenation.  Certain  Cimpede  crustaceans  (members 
of  the  order  to  which  the  Barnacles  and  Acorn-shells  belong)  are  in- 
variably found  embedded  in  certain  species  of  Sponge.  Frequently 
a  Sponge  and  a  Zoophyte  grow  in  intimate  association,  so  that  they 
seem  almost  to  form  one  structure.  Thus  the  Glass-rope  Sponge 
(Hyalonevia)  is  always  found  associated  with  a  Zoophyte  {Palyt'koa), 
and  there  are  many  other  instances.  Sponges  often  also  grow  in 
very  close  association  with  certain  low  forma  of  plants  (Algse). 

The  position  of  the  Porifera  in  the  animal  series  is  unquestion- 
ably among  the  Metazoa.  The  view  that  they  are  comiwund 
Protozoa  is  now  no  longer  maintained,  since  the  significance  of 
the  facts  of  their  development  has  been  fully  recognised.  A 
Sponge  is  to  be  regarded  as  a  colony  of  Protozoa  only  in  the  sense 
in  which  the  same  may  be  said  of  one  of  the  higher  animals.  It 
consists  of  a  complex  of  cells,  some  of  which  have  a  considerable 
degree  of  independence,  and  some  of  which  have  a  close  re- 
semblance to  certain  Protozoa ;  but  the  same  is  true  of  one  of 
the  higher  animab,  the  difference  being  one  of  degree  and  not 
of  kintT  Like  the  rest  of  the  Metazoa,  the  Sponge  develops  from 
the  oosperm  by  a  process  of  yolk -division. 

But  the  Porifera  are  perhaps  somewhat  nearer  the  Protozoa 
than  are  any  of  the  other  t)'pe8  of  Metazoa;  and  among  the 
Protozoa  they  appcjir  to  approach  nearest  to  certain  colonial 
Flagellata.  The  genus  Proterospongia  (Fig.  52),  already  referred 
to  (p.  73),  appears  to  be  the  member  of  the  latter  group  which 
of  all  known  forms  most  closely  resembles  a  sponge.  Proteroepongia 
consists  of  a  colony  of  collared  Flagellates  (Choano-Flagellata) 
embedded  in  a  mass  of  gelatinous  substance,  in  which  there  are 
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also  amoeboid  zooids  similar  to  the  amoeboid  wandering  cells  of 
Sponges. 

But,  while  the  Porifera  are  clearly  Metazoa,  and  not  Protozoa, 
there  is  some  room  for  difference  of  opinion  as  regards  their 
relationships  to  the  C!oelenterata,  with  which  great  type  they  axe 
sometimes  amalgamated.  The  reasons  for  and  against  such  an 
arrangement  will  be  discussed  in  considering  the  general  relation- 
ships of  the  Coelenterata. 


SECTION   IV 

PHYLUM   CGELENTERATA 

In  the  previous  section  we  saw  that  the  simplest  type  of  Sponge 
has  the  general  character  of  a  cylinder,  closed  at  one  end  and  open 
at  the  other,  and  having  walls  perforated  by  minute  pores,  and 
composed  of  three  layers — ectoderm,  mesogloea,  and  endoderm,  the 
last  consisting  of  collared  flagellate  cells. 

In  such  an  organism  as  this,  imagine  the  pores  to  disappear, 
the  mtemal  cavity  thus  coming  to  communicate  with  the  exterior 
by  a  single  terminal  aperture ;  the  mesogloea  to  be  replaced  by  a 
very  thin  structureless  layer  containing  no  cells;  the  endoderm 
cells  to  lose  their  collars ;  and  a  circlet  of  arm-like  processes,  or 
tentacles,  formed  of  the  same  layers  as  the  body-wall,  to  be 
developed  around  the  terminal  aperture.  The  result  would  be  a 
polype,  and  would  serve  as  a  lyi^Q  of  the  general  structure  of  the 
group  of  animals  with  which  we  are  now  concerned. 

The  most  famiiar  examples  of  Coelenterata  are  the  homy, 
seaweed-like  "  Zoophytes,"  or,  as  they  are  sometimes  called, 
"  Corallines,"  to  be  picked  up  on  every  sea-beach,  Jelly-fishes, 
Sea-anemones,  and  Corals.  The  phylum  is  divided  into  four  classes 
as  follows : — 

Class  1,  Hydrozoa,  including  the  Fresh-water  Polypes,  Zoo- 
phytes, many  Jelly-fishes — mostly  of  small  size — a  few  Stony 
Corals,  and  the  peculiar  Palaeozoic  fossils  known  as  GraptnlUes. 

Class  2.  ScYPHOZOA,  including  most  of  the  large  Jelly-fishes. 

ClcLSs  3.  AcTiNOZOA,  including  the  Sea-anemones,  and  the  vast 
majority  of  Stony  Corals. 

Glass  4.  Ctenophora,  including  certain  peculiar  Jelly-fishes 
known  as  "  Comb-jellies." 

CLASS  I.— HTDKOZOA. 

1.  Example  of  the  Class — Ohdia. 

General  Structure. — Obelia  is  a  common  zoophyte  occurring 
in  the  fonn  of  a  delicate,  whitish  or  light  brown,  almost  fur-like 
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frowth  on  the  wooden  piles  of  piers  and  wharfs.  It  consists  of 
ranched  filaments  about  the  thickness  of  fine  sewing-cotton :  of 
these,  some  are  closely  adherent  to  the  timber,  and  serve  for 
attachment,  while  others  are  given  off  at  right  angles,  and  present 
at  intervals  short  lateral  branches,  each  terminating  in  a  bud-like 
enlargement. 

The  structure  is  better  seen  under  a  low  power  of  the 
microscope.  The  organism  (Fig.  83)  is  a  colony,  consisting  of  a 
common  stem  or  axis,  on  which  are  borne  numerous  zooids.  The 
axis  consists  of  a  horizontal  portion,  resembling  a  root  or  creeping 
stem,  and  of  vertical  axes,  which  give  off  short  lateral  branches  in 
an  alternate  manner,  bearing  the  zooids  at  their  ends.  At  the 
proximal  ends  of  the  vertical  axes  the  branching  often  becomes 
more  complex :  the  offshoots  of  the  main  stem,  instead  of  ending 
at  once  in  a  zooid,  send  off  branches  of  the  third  order  on  which 
the  zooids  are  borne.  In  many  cases,  also,  branches  are  found  to 
end  in  simple  club-like  dilatations  {Bd,  1,  8) :  these  are  immature 
zooids. 

The  large  majority  of  the  zooids  have  the  form  of  little  conical 
structures  (P.  1 — P.  4),  each  enclosed  in  a  glassy,  cup-like  invest- 
ment or  hydrotJicca  (h,th\  and  produced  distally  into  about  two 
dozen  arms  or  tentacles  (t) :  these  zooids  are  the  polypes  or  hydranths. 
Less  numerous,  and  found  chiefly  towards  the  proximal  region  of 
the  colony,  are  long  cylindrical  bodies  or  bhstostyles  (bls\  each 
enclosed  in  a  transparent  case,  the  gonotheca  {gih\  and  bearing 
numerous  small  lateral  offshoots,  var3'ing  greatly  in  form  according 
to  their  stage  of  development,  and  known  as  incditsa-lnids  (mid).  By 
studying  the  development  of  these  structures,  and  by  a  comparison 
with  other  forms,  it  is  known  that  both  blastostyles  and  medusa- 
buds  are  zooids,  so  that  the  colony  is  tHvwTpMc,  having  zooids  of 
three  kinds. 

To  make  out  the  structure  in  greater  detail,  living  specimens 
should  be  observed  under  a  high  power.  A  polype  is  then  seen 
to  consist  of  a  somewhat  cylindrical,  hollow  body,  of  a  yellowish 
colour,  joined  to  the  common  stem  by  its  proximal  end,  and  pro- 
duced at  its  distal  end  into  a  conical  elevation,  the  manvhriuvi  or 
hypostomc  {mnb\  around  the  base  of  which  are  arranged  the  twenty- 
four  tentacles  in  a  circle.  Both  body  and  manubnum  are  hollow, 
containing  a  spacious  cavity,  the  cntermi  {ciU),  which  communicates 
with  the  outer  world  by  the  month  (mth),  an  aperture  placed  at 
the  summit  of  the  manubrium.  The  mouth  is  capable  of  great 
dilatation  and  contraction,  and  accordingly  the  manubrium  appears 
now  conical,  now  trumpet-shaped.  Under  favourable  circum- 
stances small  organisms  may  be  seen  to  be  caught  by  the  polypes 
and  carrie<l  towards  the  mouth  to  bo  swallowed. 

The  hydrotheca  (h.th)  has  the  form  of  a  vase  or  wine-glass,  and 
is  perfectly  transparent  and  colourless.     A  short  distance  from  its 
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narrow  or  proximal  end,  it  is  produced  inwards  into  a  sort  of 
circular  shelf  (sA),  perforated  in  the  centre :  upon  this  the  base  of 
the  polype  rests,  and  through  the  aperture  it  is  continuous  with  the 
common  stem.  When  irritated — by  a  touch  or  by  the  addition  of 
alcohol  or  other  poison — the  polype  imdergoes  a  very  marked  con- 
traction :  it  suddenly  withdraws  itself  more  or  less  completely  into 
the  theca,  and  the  tentacles  become  greatly  shortened  and  curved 
over  the  manubrium  (P.  2). 

The  various  branches  of  the  common  stem  show  a  very  obvious 
distinction  into  two  layers :  a  transparent,  tough,  outer  membrane, 
of  a  yellowish  colour  and  homy  consLstency,  the  perisarc  (p\  and 
an  inner,  delicate,  granular  layer,  the  ccenosarc  {cos)i  continuous 
by  a  sort  of  neck  or  constriction  with  the  body  of  each  hydranth. 
The  ccenosarc  is  hollow,  its  tubular  cavity  being  continuous  with 
the  cavities  of  the  polypes,  and  containing  a  fluid  in  which  a 
flickering  movement  may  be  observed,  due,  as  we  shall  see,  to  the 
action  of  cilia.  At  the  base  of  ecwih  zooid  or  branch  the  perisarc 
presents  several  annular  constrictions,  giving  it  a  ringed  appear- 
ance :  for  the  most  part  it  is  separated  by  an  interval  from  the 
ccenosarc,  but  processes  of  the  latter  extend  outwards  to  it  at 
irregular  intervals,  and  in  the  undeveloped  zooids  {Bd,  2)  the  two 
layers  are  in  close  apposition. 

In  the  blastostyle  both  mouth  and  tentacles  are  absent,  the 
zooid  ending  distally  in  a  flattened  disc:  the  hydrotheca  of  a 
pjlype  is  represented  by  the  gonotheca(^.^A),  which  is  a  cylindrical 
capsule  enclosing  the  whole  structure,  but  ultimately  becoming 
ruptured  at  its  distal  end  to  allow  of  the  escape  of  the  medusa- 
buds.  These  latter  are,  in  the  young  condition,  mere  hollow  ofiF- 
shoots  of  the  blastostyle :  when  fully  developed  they  have  the 
appearance  of  saucers  attached  by  the  middle  of  the  convex 
surface  to  the  blastostyle,  produced  at  the  edge  into  sixteen  very 
short  tentacles,  and  havmg  a  blunt  process,  the  manubrium, 
projecting  from  the  centre  of  the  concave  surface.  They  are  ulti- 
mately set  free  through  the  aperture  in  the  gonotheca  as  little 
medusa}  or  jelly-fish  (R — D),  which  will  be  described  hereafter. 

The  microscopical  structure  of  a  polype  (Fig.  84)  reminds  us, 
in  its  general  features,  of  that  of  such  a  simple  sponge  as  Ascetta, 
but  with  many  characteristic  differences.  The  body  is  composed 
of  two  layers  of  cells,  the  ectoderm  {ect)  and  the  endoderm  {end) : 
between  them  is  a  very  delicate  transparent  membrane,  the 
mesoglcea  or  supporting  lamella  {msgl),  which,  unlike  the  inter- 
mediate layer  of  sponges,  contains  no  cells  and  is  practically 
stnictureless.  The  same  three  layers  occur  in  the  manubrium, 
the  ectoderm  and  endoderm  being  continuous  with  one  another  at 
the  margin  of  the  mouth.  The  tentacles  are  formed  of  an  outer 
layer  of  ectoderm,  then  a  layer  of  mesogloea,  and  finally  a  solid 
core  of  large  endoderm  cells  arranged  in  a   single  series.     Tho 


coenoaarc.  blastostyles,  and  medusa-buds  all  consist  of  the  same 
layers,  which  are  thus  continuous  through  the  entire  colony. 

The  perisarc  or  transparent  outer  layer  of  the  stem  shows  no 
cell-structure,  but  only  a  delicate  lamination.  It  ia,  in  fact,  not  a 
cellular  membrane  or  epithelium,  like  the  ectoderm  and  endodenn, 
but  a  aiiick,  formed,  layer  by  layer,  as  a  secretion  from  the  ectoderm 
cells  (see  p.  29).  It  is  composed  of  a  substance  of  chitinoid  or  hom- 
l^e  consistency,  and,  like  the  lorica  of  many  Protozoa,  serves  as  a 
protective  external  skeleton.  When  first  formed  it  is  of  course  in 
■contact  with  the  ectoderm,  but  when  the  full  thickness  is  attained 


Pia.  M.— ObeU>  ap.  Vrntlal  soctlon  nf  s  poljpc.  highly  mBgnlBed ;  al.  ectodom ;  end.  endo. 
dorni  -.  ml. enicrices'ritf ;  *.rA. hydroihc™;  raii!i'. roeKpgliM ;  ml*. mouth;  nfc. MioBlooyrt* ; 
fA.  flhelf'Uku  prulongidim  oF  hTdruUkoca ;  i.  UmtBcln. 

the  latter  retreats  from  it,  the  connection  being  maintained  only 
at  irregular  intervals.  In  the  same  way  the  hydro-  and  gonothecse 
are  euticular  products  of  the  polypes  and  blastostyles  respectively : 
in  the  young  condition  both  occur  in  the  form  of  a  closely  fitting 
investment  of  the  knob-like  rudiment  of  the  zooid(Fig.  83,  B.1,S). 
The  ectoderm  has  the  general  character  of  a  columnar  epithelium 
(see  p.  22),  but  exhibits  considerable  differentiation  of  its  component 
celb.  It  is  mainly  composed  of  large  conical  cells  with  their  bases 
outwards,  and  having  between  their  narrow  inner  ends  clumps  of 
small  rounded  iiiterditial  cells,  and  occasional  large  branched  imrve- 
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cells  (Fie.  86,  nv.c).  The  tentacles  and  the  manubrium  contaiD, 
in  addition,  a  layer  of  unstriped  mtiscle-fibrcs  between  the  ectoderm 
and  the  mesogltea :  they  are  arranged  longitudinally,  and  serve 
for  the  rapid  shortening  of  the  tentacles  (Fig.  86,  m.fy  This 
muscular  layer  is  a  derivative  of  the  ectoderm,  and  may  be  looked 
upon  as  a  rudimentary  mesoderm. 


Embedded  in  the  ectoderm  are  numerous  clear  ovoid  bodies,  the 
stiaginff-fapsiiU:i  or  ncmatocysta  (Figs.  8;j — 80,  ntc),  organs  closely 
resembling  those  of  Epiatylis  umbellaria  (p.  84).  and  like  them 
serving  a.s  wea|)ons  of  offence.  Elachiconsists(Fig.  H5,  A)  of  a  tough 
ovoid  ca]isu]e.  full  of  fluid,  and  invaginated  at  one  eml  in  the  form 
of  a  hollow  process  continued  into  a  long,  coiled,  hollow  thread. 
The  whole  apiKiratus  is  developed  in  an  interstitial  cell  cyilled  a 
cniffohlast  (f«/'),  which,  as  it  appntoches  maturity,  migrates  towards 
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the  surface  aud  becomes  euibedded  in  one  of  the  large  ectoderm 
cells.  At  one  point  of  its  surface  the  coidoblast  is  produced  into 
a  delicate  protoplasmic  process,  the  cnidocil  or  trigger-haiT  {cnt): 
when  this  is  touched — for  instance  by  some  small  organism 
brought  into  contact  with  the  waving  tentacle — the  cnidoblast 
undergoes  a  sudden  contraction,  and  the  pressure  upon  the  stinging 
capsule  causes  an  instantaneous  eversion  of  the  thrt'ad  (B),  at  the 
base  of  which  are  minute  barbs.  The  threads  are  ptiisonous  and 
exert  a  numbing  effect  on  the 


animals     upon 
preys. 

The   endoder 


which     Obelia 


also  has  the 
general  character  of  a  columnar 
epithelium.  In  the  body  of  the 
polvpc  the  cells  are  very  large 
and  have  the  power  of  sending 
out  pseudopods  at  their  free 
ends  (Fig.  84),  which  ajiparently 
seize  and  ingest  minute  portions 
of  the  partly-digested  food.  As 
in  many  Protozoa,  the  pseudo- 
pods  may  be  drawn  in  and  long 
Hagella  protruded,  the  contrac- 
tion of  which  oiuses  a  constant 
movement  of  the  food  particles 
in  the  enteron.  Amongst  these 
large  cells  are  narrow  cells  with 
very  granular  protcrplasm  :  they 
are  gland -cells,  and  secrete  a 
digestive  iuice.  In  the  manu- 
brium a  layer  of  endodemial 
muscle-fibres  has  been  described 
taking  a  transverse  direction, 
and  so  serving  to  antagonise 
the  longitudinal  muscles  and 
contract  the  cavity.  In  the 
tentacles  (Figs.  8+  and  86)  the 
endoderm  (end)  cijnsists  of  a 
single  row  of  short  cylindrical  cells,  nearly  cubical  in  longitudinal 
section:  their  protoplasm  is  greatly  vacuolated  and  their  cell-walls 
so  thick  that  they  may  be  considered  as  forming  n  sort  of  internal 
skeleton  to  the  tentacles. 

The  structure  of  the  M eduue — formed  as  we  have  seen  by  the 
development  of  medusa-buds  liberated  from  a  ruptured  gonangium 
— yet  remains  to  be  considered.  The  convex  outer  surface  of  the 
bell  or  umbrella  (Fig.  83,  B — D)  by  which  the  zooid  was  originally 
attached  to  the  blnstostyle  is  distinguished  as  the  i.r-miihrrl/a,  the 
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concave  inner  sur^ice  as  the  mb-urnhvUa.  From  the  centre  of 
the  sub-iimbrella  proceeda  the  manubrium  (mnb),  at  the  free  end 
of  which  is  the  four-sided  mouth  {mtk).  Very  commonly,  as  the 
medusa  swims  the  umbrella  becomes  turned  inside  out,  the  sub- 
umbrella  then  forming  the  convex  surhce  and  the  manubrium 
springing  from  its  apex  (Fig.  83,  C,  and  Fig.  87). 

The  mouth  (Figs.  83,  87,  and  88,  mth)  leads  into  an  enteric 
cavity  which  occupies  the  whole  interior  of  the  manubrium,  and 
from  its  dilated  oase  sends  off  four  delicate  tubes,  the  radial 
canals  (rail,  c),  which  pass  at  equal  distances  from  each  other 
through  the  substance  of  the  umbrella  to  its  marein,  where  they  all 
open  into  a  circular  canal  (circ.  c),  running  parallel  with  and  close 
to  the  margin.     By  means  of  this  system  of  canals  the  food,  taken 


^^^lM///y,. 


in  at  the  mouth  and  digested  in  the  manubrium,  is  distributed  to 
the  entire  medusa 

The  edge  of  the  umbrella  is  produced  into  a  very  narrow  fold  or 
shelf,  the  velum  (Fia.  88,  vl),  and  gives  off  the  tentacles  (t),  which 
are  sixteen  in  number  in  the  newly-bom  medusa  (Fig.  83),  very 
numerous  in  the  adult  (Fig.  87).  At  the  ba-ios  of  eight  of  the 
tentacles — two  in  each  quadrant — are  minute  globular  sacs  (I), 
each  containing  a  calcareous  particle  or  lithite.  These  are  the 
marginal  sciuc-organs  or  lUhocysts :  they  were  formerly  considered 
to  be  organs  of  hearing,  and  are  hence  frequently  called  utocysts: 
in  all  probability  their  function  is  to  guide  the  medusa  by 
enabling  it  to  Judge  of  the  direction  in  which  it  is  swimming. 
The  marginal  organs,  in  this  case,  may  therefore  be  looked  upon 
as  organs  of  the  sense  of  direction. 

The   manubrium  (Fig.   88,   mnb)  of   the   medusa   consists   of 
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precisely  the  same  layers  as  that  of  the  hytlninth — ectcideiiu, 
mesogkea,  and  endodorm.  The  ectoderm  is -continued  on  to  the 
Bub-timbrella,  and  then  round  the  margin  of  the  bell  on  t-o  the 
ex-umbrella,  so  that  both  surfaces  of  the  bell  are  covered  with 
ectoderm.  The  endoderm  is  continued  from  the  base  of  the 
enteric  canity  into  the  radial  canals,  and  so  to  the  circular  canal, 
so  that  the  whole  canal-system  ia  lined  by  endoderm.  In  the 
portions  of  the  bell  between  the  radial  canals  there  is  found, 
between  the  outer  and  inner  layers  of  ectoderm,  a  thin  sheet  of 
endodenu,  the  eiidodn-vi'lavie-lla  (aid.  lam),  which  stR'tches 
between  adjacent  radial  canals  and  between  the  circular  canal 
and  the   enteric   cavity.      In  the  bell,  as  in   the    nianubriuTii,   a 


layer  of  mesoglosa  everywhere  intervenes  between  ectoderm  iuid 
endoderm. 

The  velum  (vl)  consists  of  a  double  layer  of  ectoderm  and  a 
middle  one  of  mesoglcea :  there  is  no  extension  of  endoderm  into 
it.  The  tentacles,  like  those  of  thu  hydranth,  are  formed  of  a 
core  of  endoderm  covered  by  ectoderm,  the  cells  of  the  latter 
being  abundantly  supplied  with  stinging-capsules, 

Compoilson  of  Polype  and  Meduu.. — Striking  as  is  the 
difference  between  a  polj'pe  and  a  medusa,  they  are  strictly 
homologous  structures,  and  the  more  complex  medusa  is  readily 
derivable  from  the  simpler  ]H>lyi)e  form.  It  is  obvious,  in  the 
first  instance,  that  the  apex  of  the  umbrella  corresponds  with  the 
base  of  a  hydranth  (Fig.  89,  A  and  D),  being  the  part  by  which 
the  zooid  is  attached  in  each  case  to  the  parent  stem :  the  mouth 
and  the  manubrium  are  also  obviously  homologous  structures  in^ 
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the  two  cases.  Suppase  the  tentacular  region  ut'  a  polype  to  be 
pulled  out.  as  it  were,  into  a  diac-like  form  (B),  and  afterwards  to 
be  bent  into  the  form  of  a  saucer  (C>  with  the  concavity  distal. 


rio.»|i.~Diagniuailluatn(liig 
•od  A',  tmuosna  ivKtlaD  (■ 

nglMi  unandad  Into  ths  U 


ix.  towards  the  manubriuni.  The  result  of  this  will  bo  a  medusa- 
likt'  body  (C.  C)  with  a  double  wall  to  the  entire  bell,  the  narrow 
s[MiCL-  between  the  two  layers  containing  a  prolongation  of  the 
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enteron  {ent,  cav')  and  being  lined  with  endoderm.  From  such  a 
form  the  actual  condition  of  things  found  in  the  medusa  would  be 
produced  by  the  continuous  cavity  in  the  bell  being  for  the  most 
part  obliterated  by  the  growing  together  of  its  walls  so  as  to  form 


sub-radtius 
a^' radiums    ' 


B 

Fio  90.— Projoctions  of  polype  (A)  and  mednaa  (B),  showing  the  various  orders  of  radii ; 
gon.  gonad  ;  mnfr.  manubrium. 

the  endoderm-lamella  (D',  end,  Iam\  and  remaining  only  along 
four  meridional  areas — the  radial  canals  {rad,  c\  and  a  circular 
area  close  to  the  edge  of  the  bell — the  circular  canal  {dr.  c). 

While  both  polype  and  medusa  are  radially  symmetrical,  the  increase  in 
complexity  of  the  medusa  is  accompanied  by  a  differentiation  of  the  structures 
lying  along  certain  radii.    If  a  polype  is  projected  on  a  plane  surface  (Fig.  90,  A), 
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taken  at  right  angles  to  its  long  axis,  a  large  number  of  radii — aboat  twenty- 
four — can  be  drawn  from  the  centre  ontwards,  all  passing  through  similar  parts, 
1.6.  along  the  axis  of  a  tentacle  and  through  similar  portions  of  the  body  and 
manubrium.  But  in  the  medusa  (B)  the  case  is  different.  The  presence  of  the 
four  radial  canals  allows^  to  distinguish  four  principal  radii  or  per-radii.  Half 
way  between  any  two  per-radii  a  radius  of  the  second  order,  or  inter-mdius,  may 
be  taken  ;  half  way  between  any  per-radius  and  the  inter-radius  on  either  side  a 
r€uiiu8  of  the  third  order,  or  ad-radius,  and  half  way  between  any  ad-radius  and 
the  adjacent  per-  or  inter-radius,  a  radiiLS  qf  the  fourth  order,  or  stdf-rtuiius.  Thus 
there  are  four  per-radii,  four  inter-radii,  eight  ad-radii,  and  sixteen  sub-radii. 
In  Obelia  the  radial  canals,  the  angles  of  the  mouth,  and  four  of  the  tentacles  are 
per-radial,  four  more  tentacles  are  inter-radial,  and  the  remaining  eight  tentacles, 
bearing  the  lithocysts,  are  ad-radiaL  The  sub-radii  are  of  no  importance  in  this 
particular  form. 

Reproduction. — In  the  description  of  the  fixed  Obelia-colony 
no  mention  was  made  of  cells  set  apart  for  reproduction,  like 
the  ova  and  sperms  of  a  sponge.  As  a  matter  of  fact,  such  sexual 
cells  are  found  only  in  their  fully  developed  condition,  at  least  in 
the  medusae.  Han^g  at  equal  distances  from  the  sub-umbrella, 
in  immediate  relation  with  the  radial  canal,  and  therefore  per- 
radial  in  position,  are  four  ovoid  bodies  (Figs.  87  and  88,  gon), 
each  consisting  of  an  outer  layer  of  ectoderm,  continuous  with 
that  of  the  sub-umbrella,  an  inner  layer  of  endoderm,  continuous 
with  that  of  the  radial  canal  and  enclosing  a  prolongation  of  the 
latter,  and  of  an  intermediate  mass  of  cells  which  have  become 
diflferentiated  into  ova  or  sperms.  As  each  medusa  bears  organs 
of  one  sex  only  (testes  or  ovaries,  as  the  case  may  be),  the  individual 
medusae  are  dicecious.  It  will  be  noticed  that  the  gonad  has  the 
same  general  structure  as  an  immature  zooid — an  outpushing 
of  the  body-wall  consisting  of  ectoderm  and  endoderm,  ana 
containing  a  prolongation  of  the  enteric  cavity. 

Development. — When  the  gonads  are  ripe  the  sperms  of  the 
male  medusae  are  shed  into  the  water  and  carried  by  currents  to 
the  females,  impregnating  the  ova,  which  thus  become  oosperms 
or  unicellular  embryos.  The  oosperm  undergoes  complete  seg- 
mentation (Fig.  91,  A — F),  and  is  converted  into  an  ovoidal  body 
called  a  i^lamda  (G,  H),  consisting  of  an  outer  layer  of  ciliated 
ectoderm  cells  and  an  inner  mass  of  endodenn  cells  in  which  a 
space  appears,  the  rudiment  of  the  enteron.  The  planula  swims 
freely  for  a  time  (H),  then  settles  down  on  a  piece  of  timber,  sea- 
weed, &c.,  fixes  itself  by  one  end  (K),  and  becomes  converted  into 
a  hydrula  or  simple  polype  (L,  M),  having  a  disc  of  attachment  at 
its  proximal  end,  and  at  its  distal  end  a  manubrium  and  circlet  of 
tentacles.  Soon  the  hydrula  sends  out  lateral  buds,  and,  by  a 
frequent  repetition  of  this  process,  becomes  converted  into  the 
complex  Obelia-colony  with  which  we  starteil. 

This  remarkable  life-history  furnishes  the  first  example  we  have 
yet  met  with  o(  alteniation  of  generations,  or  metagenesis  {see  p.  39). 

K 


The  Obelia  colony  is  sexless  having  no  gonads  ind  de\  elopmg 
only  by  tbe  asexual  proceis  of  budding  but  certim  of  itb  buds — 
the   Dieduste — develop  gonads  and  from  their  iiupregnatud  eggs 


new  Obelia-colonies  arise.  We  thus  have  an  alternation  of  an 
asexual  generation,  or  agamobiv,m,—th.Q  Obelia-colony,  with  a 
serial  generation,  or  gamobium — the  medusa. 

2.  General  Structure  and  Classification. 

The  Hydrozoa  niay  be  defined  as  multicellular  animals  in  which 
the  cells  are  arranged  in  two  layers,  ectoderm  and  endodenn, 
separated  by  a  gelatinous,  non-cellular  mesogkea,  and  enclosing 
a  continuous  digestive  cavity  which  cummunicates  directly  with 
the  exterior  by  a  single  aperture — the  mouth — and  is  lined  through- 
out by  endodenn.  The  ectoderm  consists  of  epithelial  cells,  inter- 
Btitial  cells,  muscle-fibres,  and  nerve  cells.  Certain  of  the  inter- 
stitial cells  give  rise  to  characteristic  oreans  of  offence — the 
stinging-capsules.  The  endodenn  consists  of  flagellate  or  amceboid 
cells,  glana-cells,  and  sometimes  muscle-fibres.  There  are  two 
main  forms  of  zooids,  polj'pes  or  nutritive  zooids,  which  arc 
usually  sexless,  and  niedueie  or  reproductive  zooids.  In  corre- 
spondence with  its  locomotive  habits,  the  medusa  attains  a  higher 
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degree  of  organisation  than  the  polype,  having  more  perfect 
muscular  and  nervous  systems,  distinct  sense  organs,  and  a  diges- 
tive cavity  differentiated  into  central  and  peripheral  portions,  the 
latter  taking  the  form  of  radial  and  circular  canals.  The  repro- 
ductive products  are  discharged  externally,  and  are  very  commonly, 
though  not  always,  of  ectodermal  origin. 

Many  Hydrozoa  agree  with  Obelia  in  exhibiting  alternation  of 
generations,  the  asexual  generation  being  represented  by  a  fixed, 
more  or  less  branched  hydroid  colony,  the  sexual  generation  by  a 
free-swimming  medusa.  In  other  forms  there  are  no  free  medusae, 
but  the  hydroid  colony  produces  fixed  reproductive  zooids.  In 
others,  again,  there  is  no  hydroid  stage,  the  organism  existing  only 
in  the  medusa-form.  Then,  while  in  most  instances  the  only 
skeleton  or  supporting  structure  is  the  homy  perisarc,  there  are 
some  forms  in  which  the  coenosarc  secretes  a  skeleton  of  calcium 
carbonate,  forming  a  massive  stony  structure  or  coral.  Lastly, 
there  are  colonial  forms  which,  instead  of  remaining  fixed,  swim 
or  float  freely  on  the  surface  of  the  ocean,  and  such  pelagic  species 
are  always  found  to  exhibit  a  remarkable  degree  of  2wlyniorphisin, 
the  zooids  being  of  very  various  forms  and  performing  diverse 
functions. 

Thus  we  have  zoophyte  colonies  known  to  produce  free  medusae, 
zoophyte  colonies  known  not  to  produce  free  medusae,  and  medusae 
known  to  have  no  zoophyte  stage.  Moreover,  there  are  many 
medusae  of  which  the  life-history  is  unknown,  so  that  it  is  un- 
certain whether  or  not  a  zoophyte  stage  is  present.  It  is  also 
found  that  in  some  cases  closely  allied  zoophytes  produce  very 
diverse  medusa?,  while  similar  medusae,  in  other  cases,  may  spring 
from  very  diflferont  zoophytes.  For  these  reasons  a  sort  of  double 
classification  of  the  Hydrozoa  has  come  about,  some  zoologists 
approaching  the  group  from  the  point  of  view  of  the  zoophyte, 
others  from  that  of  the  medusa.  On  the  whole  the  following 
scheme  seems  best  adapted  for  bringing  before  the  beginner  the 
leading  modifications  of  the  ch 


Order  1. — LEProLiNiE. 

Hydrozoa  in  which  there  is  a  fixed  zoophyte  stage,  and  in  which 
the  sense  organs  are  exclusively  ectodermal. 

Sub-Order  a. — Anthomeduscc. 

Leptolinte  in  which  the  polj'pes  are  not  protected  by  hydrothecw  or  the 
reproductive  zooids  by  gonotheca?  :  the  medusa;  bear  the  gonads  in  the  manu- 
brium  and  have  no  lithocysts. 

Sub-Order  b, — Lrj^tamedusa; 

Leptolins  in  which  hydro-  and  gonotheco)  are  pre!*ent :  the  medusae  bear  the 
gonads  in  connection  with  the  radial  canals  and  usuaUy  have  lithocysts. 

K  2 
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Order  2. — Trachylin^. 

Hydrozoa  in  which  no  fixed  zoophyte  stage  is  known  to  occur, 
all  members  of  the  group  being  locomotive  medusae,  some  of  which 
have  been  proved  to  develop  directly  fix)m  the  egg.  The  sense 
organs  are  formed  partly  of  endoderm. 

Stcb-Order  a, — Trachyviedtisce. 

Trachylioie  in  which  the  tentacles  spring  from  the  margin  of  the  umbrella, 
and  the  gonads  are  developed  in  connection  with  the  radial  canals. 

Sub-Order  b. — Narcomedtisce. 

Trachylinae  in  which  the  tentacles  spring  from  the  ex-umbrella,  some  dis- 
tance from  the  margin,  and  the  gonads  are  developed  in  connection  with  the 
manubrium. 

Order  3. — Hydrocorallina. 

Hydrozoa  in  which  a  massive  skeleton  of  calcium  carbonate  is 
secreted  from  the  ccenosarc,  the  dried  colony  being  a  coral. 

Order  4. — Siphonophora. 

Pelagic  Hydrozoa  in  which  the  colony  usually  exhibits  extreme 
polymorphism  of  its  zooids. 

Order  5. — Graptolithida. 

An  extinct  group  of  Hydrozoa,  found  only  in  rocks  of  palaeozoic 
age,  in  the  form  of  the  fossilised  perisarc  of  the  branched  colonies. 

Systematic  Position  of  the  Example, 

Obelia,  in  virtue  of  the  possession  of  gono-  and  hydrothecae,  and 
of  gonads  formed  in  connection  with  the  radial  canals,  belongs  to 
the  sub-order  Leptomedusae.  It  is  placed  in  the  family  Campanu- 
lariida^,  distinguished  by  having  cup-shaped  thecae  borne  at  the 
ends  of  distinct  branchlets:  the  genus  Obelia  is  distinguished 
from  other  genera  of  the  same  family  by  the  fact  that  the 
reproductive  zooids  are  free-swimming  medusae. 

Order  1. — Leptolin^ 

The  more  typical  members  of  this  group  agree  in  all  essential 
respects  with  Obelia,  consisting  of  branched  colonies  bearing  two 
principal  forms  of  zooids,  which  serve  for  nutritive  and  reproductive 
purposes  respectively. 

General  Structure. — The  form  and  size  of  the  colonies  are 
subject  to  great  variation :  they  may  be  little  insignificant  tufts 
growing  on  shells,  sea-weeds,  &e.,  or  may  take  the  form  of  com- 
plex trees  three  feet  in  height,  and  containing  many  thousand 
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zooids,  The  hydranths  may  be  colourless  and  quite  invisible  to 
the  naked  eye,  or,  as  in  some  Tubulariae  (Fig.  93,  J),  may  be  bril- 
liantly coloured,  flower-like  structures,  nearly  an  inch  in  diameter. 
The  medusae  may  be  only  just  visible  to  the  naked  eye,  or,  as  in 
^quorea^  may  attain  a  diameter  of  38  mm.,  or  about  15  inches: 
they  are  often  seen  with  great  diflSculty  owing  to  the  bubble-like 
transparency  of  the  umbrella,  but  frequently  the  manubrium  is 
brightly  coloured,  or  brilliant  dots  of  colour — the  ocdli  or  eye-^pot^ 
— may  occur  around  the  margin  of  the  umbrella  They  are  also 
fi^uently  phosphorescent,  the  phosphorescence  of  the  ocean  being 
often  due  to  whole  fleets  of  medusae  liberated  in  thousands  from 
the  hydroid  colonies  beneath  the  surface. 

The  two  sub-orders  of  Leptolinse  are  distinguished  by  the 
arrangement  of  the  perisarc.  In  the  Anthomedusae,  of  which 
BougainvUlea  (Fig.  92)  is  a  good  example,  the  cuticle  stops  short  at 
the  bases  of  the  hydranths,  and  the  reproductive  zooids  are  not 
enclosed  in  gonothecae.  It  is  for  this  reason  that,  in  classifications 
founded  on  the  zoophyte  stage,  the  Anthomedusae  are  called  Gi/jmhc- 
hlastea  or  naked-budded  zoophytes  (see  also  Fig.  93,  i,  ^,  J).  In 
the  Leptomedusae  the  cuticle  is  usually  of  a  firmer  consistency  than 
in  the  farst  sub-order  and  furnishes  hydrothecae  for  the  hydranths 
and  gonothecae  for  the  reproductive  zooids :  they  are  hence  often 
classified  as  Calyptohlastca  or  covered-budded  hydroids.  To  this 
group  belong  the  commonest  species  of  hydroids  found  on  the  sea- 
shore, and  often  mistaken  for  sea-weeds,  the  "  Sea-firs  "  or  8ertu- 
larians. 

The  meduse  also  exhibit  characteristic  diflerences  in  the  two 
sub-orders.  In  the  Anthomedusae  the  umbrella  is  usually  strongly 
arched,  and  may  even  be  conical  or  mitre-shapod  (Fig.  93,  7  ;  Kg. 
96,  1  and  2) :  its  walls  are  thick  owing  to  a  great  development  of 
the  gelatinous  mesogloea  of  the  ex-umbrella,  that  of  the  sub-umbrella 
remaining  thin  :  and  the  velum  is  considerably  wider  than  in  Obelia. 
But  the  most  important  characteristics  are  the  facts  that  the 
gonads  {gon)  are  developed  in  the  manubrium  and  that  lithocys^ts  are 
absent.  Sense  organs  are,  however,  present  in  the  form  of  specks 
of  red  or  black  pigment  at  the  bases  of  the  tentacles.  These  (tcdli 
(oc)  consist  of  groups  of  ectoderm  cells  containing  pigment,  and  it 
has  been  proved  experimentally  that  they  are  sensitive  to  light : 
they  are,  m  fact,  the  simplest  form  of  eyes.  In  the  Li^ptonieuusa? 
the  umbrella  is  usually  less  convex,  thinn(?r,  and  of  softer  consist- 
ency than  in  the  Anthomedusae,  the  gonads  are  developed  as  buds 
formed  in  connection  with  the  radial  canals  and  projecting  from 
the  sub-umbrella,  the  velum  is  feebly  developtKl,  and  sense  organs 
take  the  form  sometimes  of  ocelli,  but  usually  of  lithocysts. 

In  the  majority  of  Leptolinoe  the  coDnosarc,  as  in  Obelia, 
consists  of  a  more  or  less  branched  structure  atUvched  to  stones, 
timber,  seaweeds,  shells,  &c.,  by  a  definite  root-like  portion.     Th<» 


s  genus  Hydractinia  (Fig.  93,  /)  is  remarkable  for  possessing 
a  massive  coenosarc,  consisting  of  a  complex  arrangement  of 
branches  which  have  undei^one  fusion  so  as  to  form  a  firm 
brownish  crust  on  the  surfaces  of  dead  gastropod  shells  inhabited 
by  Hermit-crabs.     The  constant  association  of  Hydractinia  with 


LG.  (12.— BoncaliiTllle*  ramosK,  A,  sntire  colnny, 
nagutflnl ;  C,  ioinmtTin)  medTi™ ;  rir.  c.  ciirulRT  i*j 
cutvrlc  mvil^;  bint,  polyps  or  hydnnth ;  Ay^.  hypo«tvii 


utuTnl  aim ;  I),  portlou  of  the  i 
iluiu.     (Frun  Tiirkor's  fiuiofiy',  i 


Hermit-crabs  is  a  case  of  covnnensalism :  the  hydroid  feeds  upon 
minute  fragments  of  the  Hermit-crab's  food,  and  is  thus  its  com- 
mensal or  messmate,  and  the  Hermit-crab  is  protected  from  its 
enemies  by  the  presence  of  the  inedible,  stinging  hydroid. 
Hydractinia  belongs   to   the  Antbomeduso! :   the  Leptomedusan 
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10.  n.— VutDus  hrm*  al  (••ptaltaui.  In  I,  a  thnn  Uio  sniln  cdIdo*,  «  ■  porUes  hllUj 
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Claikrozoon,  an  Australian  genus,  resembles  it  in  having  branched 
and  intertwined  ccenosai"cal  tubes,  the  perisarc  ol'  which  iinder- 


in.  M.— HTdim.  A,  mrUcsl  Hcdon  of  gntlra  uilmHl ;  8,  Hrrtlon  of  (raiwTme  (octlan,  hlgbly 
nugnlSod;  C,  twu  largo  Htodenn  «11* ;  D,  nndudEnn  oiU  uf  a.  rtndu^  IClvse  nenutoi^iit: 
F,  HmnU  DonntODyit  4  G,  Bperm;  a.  iiigtutcd  diatom  ^  bd.  1,  bd.  S,  butto;  rAr.  chmiiulophcnA; 
mbl.  cmldobUAt;  enie.  coSdocil ;  ifl.  octodxna ;  emL  vndoaitrm ;  chi.  rar.  eatoriL-  cavity ;  nU. 
ca>'.  tU  proIoDgiittoD  into  the  tsotKlm  1  Jl.  flngellum ;  ikjip.  bypaaUnao  or  muiiitiriuui ;  int.  r. 
iDtontltlfil  «liA :  m.  pr,  miucle  prdowiM ;  mlA.  moatii ;  nuj/L  meaogkn ;  nfc.  t>rge>  aJid  nlc*- 
■nuill  nflmatucyHts ;   nu.  audeiu ;  ot.  orurn ;  ovy.  itvvy  ;  p»rf,  iinoudoiiodb ;  i^^.  apanajuy. 


Boes  fusion,  but    the   complex   mass    thus   produced,  instead  of 
forming  an  incrustation  on  a  shell,  is  a  large,  abundantly  branched, 
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tree-like  structure,  resembling  some  of  the  ian-corals  or  Gorgonacea 
(vide  infra). 

A  great  simplification  of  the  colony  is  produced  in  Mffriothcla 
(Fig.  93,  2)  in  which  the  short  coenosarc  bears  a  single  large 
terminal  hydranth,  and  gives  off  numerous  slender  branches  which 
bear  the  reproductive  zooids  (s).  Even  greater  simplicity  is  found 
in  Corymorpha  (S),  in  which  the  entire  organism  consist*  of  a 
single  stalked  polype,  from  the  tentacular  region  of  which  the 
medusae  (m)  arise. 

But  the  simplest  members  of  the  whole  class,  with  the  exception 
of  one  or  two  imperfectly  known  forms  which  will  be  referred  to 
below,  are  the  Fresh-water  Polypes  of  the  genus  Hydra^  The  entire 
organism  (Figs.  24  and  94)  consists  of  a  simple  cylindrical  body 
with  a  conical  hypostome  and  a  circlet  of  six  or  eight  tentacles. 
It  is  ordinarily  attached,  by  virtue  of  a  sticky  secretion  from  the 
proximal  end,  to  weeds,  &c.,  but  is  capable  of  detaching  itself 
and  moving  fix)m  place  to  place  after  the  manner  of  a  looping 
caterpillar.  The  tentacles  are  hollow,  and  communicate  freely 
with  the  enteron.  There  are  no  distinct  muscle-fibres,  but  the 
lar^e  ectoderm  cells  are  produced  into  muscle  processes  (C,  m.  pr) 
which  serve  the  same  functions.  There  is  no  perisarc.  Buds 
(bd.  i,  M.  2)  are  produced  which  develop  into  Hydne,  but  these  are 
always  detached  sooner  or  later,  so  that  a  permanent  colony  is 
never  formed.  There  are  no  special  reproductive  zooids,  but 
simple  ovaries  {(yvy)  and  testes  {spy)  are  developed,  the  former  at 
the  proximal,  the  latter  at  the  distal  end  of  the  body.  Even 
simpler  than  Hydra  are  Protchydra  (Fig.  95)  and  Microhydra,  in 
which  the  tentacles  are  absent. 


Fio.  05. — Protob jdra IflUCkartU*    (From  Chun,  after  Greoff.)    Tho  mouth  U  to  tlic  left,  thu 

(Ubc  of  attachment  to  tho  right. 

The  polypes  are  usually  cylindrical,  a**  in  Obelia,  but  in  some 
genera  they  are  widened  out  into  a  vase-like  form  (Fig.  93,  J),  in 
others  elongated  into  a  spindle-shape  (4)-  The  tentacles  may  be 
disposed  in  a  single  circlet,  as  in  Obelia  and  Hydra,  or  there  may 
be  an  additional  circlet  round  the  hypostome  («y,  J)  or  at  the  base  of 
the  polype,  or  they  may  be  scattered  irregularly  over  the  whole 
surface  {4).  In  Myriothela  (2)  they  are  short  and  so  numerous 
as  to  have  the  appearance  of  close-set  papilhe.  In  some  fonns 
they  are  knobbed  at  the  ends,  the  knobs  being  loaded  with  stinging- 
capsules  (4). 

In  some  species  a  diirwrphisni  of  the  hydranths  obtains,  some 
of  them  being  modified  to  form  protective  zooids.     In  Hydi*actinia 
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(/)  these  are  siniply  moiithless  hydranths  with  very  short  ten- 
tacles abundantly  supplied  with  nematocysta,  capable  of  very  active 
movements,  and  called  dadylozooids  {dz).  In  Plumiilaria  there 
are  small  structures  called  "'  guard-polypes,"  resembling  tentacles 
in  structure,  and  each  enclosed  in  a  theca.  In  Hydractinia  the 
coenosarc  ia  also  produced  into  spines  (sp),  which  may  be  much 
modilied  zooids. 

But  the  most  remarkable  modifications  occur  in  the  reproduc- 
tive loolda.  In  a  large  proportion  of  genera,  both  of  Anthome- 
dusse  and  LeptumedusEe,  these  take  the  form  of  locomotive  medusse, 
agreeing  in  general  structure  with  the  descriptions  already  given, 
but  exhibiting  endless  variety  in  detail.  As  to  size  they  vary 
from  about  1  mm.  in  diameter  up  to  400  mm.  (16  inches).  The 
number  of  tentacles  may  be  very  great  (Fig.  96,  S)  or  these 
organs  may  be  reduced  to  two  (Fig.  9G,  J),  or  even  to  one 
{Fig.  93,  5)  i  in  the  last-named  cases  it  will  be  noticed  that  the 
medusa  is  no  longer  radially,  but  bilaterally  symmetrical,  i.e. 
it  can  be  divided  into  two  equal  and  similar  halves  by  a  single 
plane  only,  viz.,  the  plane  passing  through  the  one  or  two 
tentacles.  With  the  increase  in  the  number  of  the  tentacles  a 
corresponding  increase  in  that  of  the  radial  canals  often  takes 
place  (Fig.  96,  ^). 

Some  medusie  creep  over  submarine  surfaces,  walking  on  the 
tips  of  their  pecutiarly  modified  tentacles  (Fig.  93,  6)  but  the 
majority  propel  themselves  through  the  water  in  a  series  of  jerks 
by  alternately  contracting  and  expanding  the  umbrella,  and  so, 
by  rhythmically  driving  out  the  contained  water,  moving  with 
the  apex  foremost.  In  correspondence  with  these  energetic  move- 
ments there  is  a  ^"cat  development  of  both  muscular  and 
nervous  systems.  The  velum  and  the  sub- umbrella  possess 
abundance  of  muscle-fibres,  presenting  a  transvei-se  striation, 
and  round  the  margin  of  the  umbrella  is  a  double  ring  of  nerve- 
cells  and  fibres,  one  ring  being  above,  the  other  below  the  at- 
tachment of  the  velum  (Fig.  89,  D,  tit,  nv').  The  medusa;  thus 
tumish  the  first  instance  we  have  met  with  of  a  ccjUral  ■nei'vous 
si/sieiit,  i.e.  a  concentration  of  nervous  tissue  over  a  limited  area 
serving  to  control  the  movements  of  the  whole  organism.  It  has 
been  proved  experimentally  that  the  medusa  is  jtaralysed  by 
removal  of  the  nerve-ring.  Over  the  whole  sub-umbrella  is  a 
loose  network  of  nerve-cells  and  fibres  coimected  with  the  nerve- 
ring,  and  forming  a  peripheral  nervous  system. 

In  some  meausie  the  circular  canal  communicates  with  the 
exterior  by  minute  jwres  placed  at  the  summits  of  papilla,  the 
endoderm  cells  of  which  contain  brown  granules.  There  seems  to 
be  little  doubt  that  these  are  orgaiis  of  exa-ction,  the  cells  with- 
drawing nitrogenous  waste  matters  fi-om  the  tissues  and  passing 
thorn    (Hit    through    the   pores.     If    we   except   the   contractile 


vacuoles  of  Protozon.  this  is  the  first  appearance  of  specialised 
excretoiy  organs  in  the  ascending  series  of  animala. 

Besides  producing  gonads,  some  meduste  multiply  asexunll^  by 
budding,  the  buds  being  developed  either  from  the  manubrium 
(Fig.  93.  7a),  or  from  the  margin  of  the  umbrella  Cih).  The  buds 
always  have  the  medusa  form. 

In  many  Leptolinsn  the  reproductive  zooida  undergo  a  degrada- 
tion of  structure,  various  stages  of  the  process  being  found  in 
different  species.  Almost  every  gradation  is  found,  from  perfect 
medusae  to  ovoid  pouch-like  bodies  called  sporosacs  (Fig.  93,  lb, 
5,  s),  each  consisting  of  little  more  than  a  gonad,  but  showing  an  in- 
dication of  its  true  nature  in  a  prolongation  of  the  digestive  cavity 
of  the  colony,  representing  the  stomach  of  the  manubrium  (Fig.  97). 
We  thus  have  a  reproductive  zooid  reduced  to  what  is  practically 
a  reproductive  m-gan.     It  is  obvious  that  a  continuation  of  the 
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same  process  might  result  in  the  production  of  a  simple  gonad 
like  that  of  Hj'dra :  there  is,  however,  no  evidence  to  show  that 
the  Fresh-water  Polype  ever  produced  mcdusse,  and  the  probabili- 
ties are  that  its  ovarifs  and  testes  are  simply  gonads,  and  not 
degenerate  zooids.  The  case  is  interesting  as  showing  how  a 
simple  structure  may  be  imitated  by  the  degradation  of  a  com- 
plex one.  It  is  quite  possible,  on  the  other  hand,  that  the 
reproductive  organs  of  the  Leptomedusie  (Fig.  88)  are  sporosacs, 
i.t.  reproductive  zooids,  not  mere  gonads. 

la  Obelia  we  found  the  medusce  to  be  budded  off  from  pecu- 
liarly modified  mouthless  zooids — the  blastostyles.  This  arrange- 
ment, however,  is  by  no  means  universal :  the  reproductive  zooids 
— whether  medussB  or  sporosac* — may  spring  directly  froui  the 
wenosarc,  as  in  Boiigainvillea  (Fig,  92),  or  from  the  ordinary 
hydranths  (Fig.  93,  -f  and  6).  The  primitive  sex -cells,  from  which 
ova  or  sperms  are  ultimately  developed,  are  sometimes   formed 
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(roni  the  endoderm  or  (more  usually)  ectoderm  cells  of  the  gonad ; 
but  in  many  cases  originate  in  the  ccenosarc,  and  slowly  migrate 
to  their  final  deatination  in  the  gonad,  where  they  metamorphose, 
in  the  usual  way,  into  the  definitive  reproductive  products. 

The  development  of  the  Leptolime  freijuently,  but  not  always, 
begins  within  the  maternal  tissues,  i'.c  while  the  oosperm  or  im- 
pregnated egg-cell  is  still  contained  in  the  gonad  of  tho  medusa  or 
in  the  fiporosac.  The  oosperm  divides  into  two  cells,  then  into 
four,  eight,  sixteen,  &c.  Fluid  accumulates  in  the  interior  of  the 
embryo,  resulting  in  the  formation  of  a  blastula  or  hollow  globe 
formed  of  a  single  layer  of  cells  (Fig.  97,  A).  The  blastula 
elongates,  and  the  cells  at  one  pole  undergo  division,  the  daughter- 
cells  passing  into  the  cavity,  which  they  gradually  till  (B).     At 


this  stage  the  embryo  is  called  a  planula :  it  consists  of  an  outer 
layer  of  cylindrical  cells — the  ectoderm— which  acquire  cilia,  and  an 
inner  mass  of  polyhedral  cells — the  endoderm.  In  some  cases  the 
planula  arises  by  a  different  process :  a  solid  morula  is  formed,  the 
superficial  cells  of  which  become  radially  elongated  and  form 
ectoderm,  the  central  mass  of  cella  becoming  endoderm.  By 
means  of  its  cilia  the  planula  swims  treely,  and  before  long  a 
cavity  appears  in  the  middle  of  the  solid  mass  of  endoderm,  the 
cella  of  which  then  arrange  themselves  in  a  single  layer  around 
tho  cavity  or  enteron  (C,  al).  The  planula  then  comes  to  rest,  fixea 
itself  at  one  end  to  some  suitable  support,  and  becomes  con- 
verted into  a  simple  polype  or  hydruUi  by  the  attached  end 
broadening  into  a  disc  and  the  opposite  extremity  forming  a 
manubrium  and  tentaclea  Tho  bydrula  soon  begins  to  send  off 
lateral  buds,  and  so  produces  the  branched  colony. 
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In  Tubularia  the  oospenn  develops,  whilo  sti!l  enclosed  in 
the  sporosae,  into  a  short  hydrula,  which,  after  leading  a  free 
existwice  foraahort  time,  fixes  itself  by  its  prosimal  end,  buds,  and 
produces  the  colony.  In  Hydra  development  begins  in  the  ovary, 
and  is  complicated  by  the  fact  that  the  ectoderm  of  the  morula 
gives  rise  to  a  sort  of  protective  shell :  in  this  condition  the 
embryo  is  set  free,  and.  after  a  period  of  rest,  develops  into  the 
adult  form. 

Order  2. — Trachtlin^ 

General  Structure. — The  members  of  this  order  are  all 
medusa: :  no  zoophj'tc  stage  is  certainly  kno'.vn  in  any  of  them,  and 
several  species  have  been  proved  to  develop  directly  from  the  egg. 


.— Twif  TraeliTtl 

«.(.  r.  rodlkl  mnai ; 
.    (Allw  Uasc-ksL) 


intitculiwrBl ;  iff.  tonguo ; 


They  thns  differ  from  the  members  of  the  preceding  order  in  the 
fact  that  there  is  no  alternation  of  generations  in  their  life- 
history. 

Most  species  are  of  smalt  or  moderate  size,  the  largest  not 
exceeding  100  mm,  (4  inches)  in  diameter.  The  gelatinous  tissue 
or  mesogloea  of  the  ex-umbrellft  is  usually  welt  developed,  giving 
the  medusa  a  more  solid  appearance  than  the  delicate  jelly-fish  of 
the  preceding  order :  this  is  well  shown  in  Fig.  99,  in  which  the 
apical  region  of  the-  umbrella  has  a  comparatively  immense  thick- 
ness.    The  tentacles  are  also  stiff  and  strong,  and  are  always  solid 
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in  the  young  coDdition,  although  they  may  be  replaced  in  the 
adult  by  hollow  tentacles. 

But  the  most  characteristic  anatomical  feature  of  the  group  is 
the  structure  of  the  lente-organi,  which  are  club-shaped  bodies 


r.  pfiTonluEu ;  t.  teatoclv  i  Ic,  bmteculocfflt ;  I 


2.Polycettto 


(Figs.  99  an<l  100,  tc)  consisting  of  an  outer  layer  of  ectoderm 
enclosing  a  central  axis  of  end(3enn  cells  (Fig,  101) :  they  have, 
therefore,  the  structure  of  tentacles.  They  contain  one  or  more 
lithites,  which  are  always 
derived  from  the  endoderm. 
To  distinguish  them  Irom  the 
lithocysts  of  Lcptomedusfe, 
and  to  mark  the  fact  that 
they  are  modified  tentacles, 
they  are  called  tentaculoei/ats. 
They  may  either  project 
freely  from  the  margin  of  the 
umbrella,  or  may  become  en- 
closed in  a  pouch-like  growth 
of  ectoderm  an<l  more  or  less 
sunk  in  the  tissue  of  the 
umbrella. 

The  two  sub-orders  of 
Trachylinse  are  characterised 
by    the   mode   of   origin    of 

the  tentacles.'  In  Trachy-  -^.<'. group o.n«%*™a<u  ,i,i.r,i«c«u 

medusae,  as  in  the  preceding 

order,  they  arise  near  the  Mge  of  the  umbrella  (Fig.  99).  but  in 
the  Xarcomedusa'  they  spring  about  half-way  between  the  edge 
and  the  vertex  (Fig.  100),  and  are  continued,  at  their  pro.\imal 
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ends,  into  the  jelly  of  the  ex-umbrella  in  tho  form  of  "  tentade-' 
roots"  {l.r). 

As  to  the  position  of  the  reproductive  organB,  there  is  the 
same  ditierence  betweeo   the    two    aub-orders  of  TrachylinEe  as 
between  the  two  sub-orders  of  Ijeptolinie.     In  the  Trachjinedusie 
the  gonads  (Fig.  9i),  gon)  are  developed  in  the  course  of  the  radial  _ 
canals :  in  the  Narcomeduaas  (Fig.  100)  they  lie  in  the  manubrium,  1 
sometimes  extending  into  pouch-like  offshoots  of  its  cavity. 

There  is  always  a  well-developed  velum,  which,  aa  in  Fig.  100,  i. 
may  hang  down  vertically  instead  of  taking  the  usual  horizontal 
puaition.  In  the  Narcomedus^  the  manubrium  is  short ;  in  the 
TrachymedusiB  it  is  always  well  developed,  and  is  sometimes  (Fig. 
99,  B)  prolonged  into  a  long,  highly  contractile  peduncle,  having 
its  inner  surfice  produced  into  a  tongue-like  process  {I3)  which 
protrudes  through  the  mouth. 

The  simplest  case  of  the  development  of  Trachylinfe  is  seen  in 
^giiwpsis,  one  of  the  NarcoinedusEe,     The  oosperm  gives  rise  to 


a  ciliated  planula,  which  forms  first  two  (Fig.  102),  then  four 
tentacles,  and  a  mouth,  hypoatome,  and  stomach.  The  larva  of 
jEginopsis  is  thus  a  hydntla,  closely  resembling  the  corresponding 
stage  of  Tubularia.  After  a  time  the  tentacular  region  grows  out, 
oarrjing  the  tentacles  with  it,  and  becomes  the  umbrella  of  the 
medusa.  Thus  the  actual  formation  of  the  medusa  from  the 
hydrula  of  ^ginopsis  corresponds  precisely  with  the  theoretical 
derivation  given  above(p.  127).  It  will  be  seen  that  in  the  present 
case  there  is  no  metagenesis  or  alternation  of  generations,  but  that 
develo|)ment  is  accompanied  by  a  vietamorphtms — that  is,  the  egg 
gives  rise  to  a  larval  form  differing  in  a  striking  manner  from  the 
adult,  into  which  it  becomes  converted  by  a  gradual  series  of 
changes. 

Metagenesis  is,  however,  not  quite  unknown  among  the  Trachy- 
linse.     In  a  parasitic  Narcomedusa  (Cimiiia  jmrasitica)  the  planula 
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fixes  itself  to  the  maDubrium  of  one  of  the  Trachymedusas  which 
senes  as  it«  host,  and  develops  into  a  hydrula.  But  the  latter,  in- 
stead of  itself  becoming  metamorphosed  into  a  medusa,  retains  the 
polype  form  and  produces  other  hydrulae  by  budding,  these  last 
becoming  converted  into  medusae  in  the  usual  way. 

Order  3. — Htdrocorallina. 

The  best-known  genua  of  Hydroid  Corals  is  MUU^ora,  one  species 
of  which  \b  the  beautiful  Elk-horn  Coral,  M.  aldcomis.  The  dried 
colony  (Fig.  103  A)  consists  of  an  irregular  lobed  or  branched  masa 


PiQ.  IDS.— MUlvpora  alelcamlB.    \,  put  of  ikaletoi 

mi^iflad ;  C,  Tonlal  «ectlDa,  tnagtLlBvd  ;  d-p.  dactyloporoi ,  ..^. ,  ,,-  _-™^ 

{Aftsr  KlchoUcm  uul  Lydekker.) 

of  carbonate  of  lime,  the  whole  surfece  beset  with  the  numerous 
minute  pores  to  which  the  genus  owes  its  name.  The  pores  are 
of  two  sizes :  the  larg'er  are  about  1  or  2  mm.  apart,  and  aro  called 
^astropora  (B,  g.p) ;  the  smaller  are  arranged  more  or  less 
irregularly  round  the  gastropores,  and  are  called  dnHyloporex  (d.p). 
The  whole  surface  of  the  coral  between  the  jKiros  has  a  pitted 
appearance.  Sections  (C)  show  that  the  entire  stonv  mas.s  is 
traversed  by  a  complex  system  of  branched  canals,  which  com- 
municate with  the  exterior  through  the  pons.  The  wide  vertical 
canab  in  immediate  connection  with  the  gastmiwres  are  traversed 
by  horizontal  partitions,  the  tabula'  (th). 

In  the  living  animal  each  pore  is  the  place  of  origin  of  a  zooid : 
from  the  ga3tro(X)res  protrude  i>ol_\-p*.'s  ( Fig.  10-t,  P)  with  hvpostome 


and  four  knobbed  tentacles;  from  the  doctylopores  long,  filamentous, 
tnouthle^  daotylozooids  or  feelers  (J).Z),  with  irregularly  disposed 
tentacles :  the  function  of  these  latter  is  probably  protective  and 
tactile,  like  that  of  the  guard-polypea  of  Phimularia  and  the 
dactylozooids  of  Hydractinia.  The  bases  of  the  zonids  are  con- 
nected with  a  system  of  delicate  tubes,  which  ramify  through  the 
canals  of  the  coral,  and  represent  a  much-branched 
recalling  that  of  Hydractinia  (p.  134). 


■  ar 


The  ccenoaarcal  tubes  have  the  usual  structure,  consisting  of 
ectoderm  and  endodenn,  with  an  intervening  mesogltea.  From 
the  relative  position  of  the  parts  it  will  be  obvious  that  the  cal- 
careous skeleton  is  in  contact  throughout  with  the  ectoderm  of  the 
colony :  it  is,  in  fact,  like  the  homy  perisarc  of  the  Leptolinne,  a 
cuticular  product  of  the  ectoderm. 

The  only  other  genus  to  which  we  shall  refer  is  Stylaster  (Fig. 
105),  which  forms  a  remarkably  elegant  tree-like  colony,  abund- 
antly branched  in  one  plane,  and  of  a  deep  pink  colour.     On  tho 
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branches  are  little  cup-like  projections,  with  radiating  processes 
passing  from  the  wall  of  the  cup  towards  the  centre,  and  thus 
closely  resembling  the  true  cup-corals  belonging  to  the  Actinozoa 
{vide  infra).  But  in  the  case  of  Stylaster  each  "  cup "  is 
the  locus,  not  of  one,  but  of  several  zooids :  a  polyp  projecting 
fVom  its  centre,  and  a  dactylozooid  from  each  of  the  compartments 
of  its  peripheral  portion. 

The  gonads  of  Millepora  are  formed  in  small  capsules,  occurring 
in   the   course  of  the  coenosarcal  canals ;    in  Stylaster  there  are 


sporoeacs  or  degraded  reproductive  zooids  lodged  in  special  cham- 
ber (a)  of  the  coral. 

The  Hydrocorallina  occur  only  in  the  tropical  portions  of  the 
Pacific  and  Indian  Oceans,  where  they  arc  found  on  tho  "  coral 
ree&  "  ^rtly  or  entirely  surrounding  many  of  the  islands  in  those 
Beaa.     Fossil  forms  are  found  as  far  back  as  the  Triassic  epoch. 


Order  4. — Siphoxophora. 

The  diversity  of  form  exhibited  by  the  members  of  this  order  is 
80  great  that  anything  like  a  general  account  of  it  would  only  be 
confusing  to  the  begmner,  and  this  most  satisfactory'  method  of 
preaentation  will  be  by  the  study  of  a  few  typical  genera. 

SaiidemTna  (Fig.  106  A)  occurs  in  the  Mediterranean  and  other 
seas,  and  consists  of  a  long,  slender,  floating  stem,  to  which  a 
nnmberof  structures,  differing  greatly  in  form,  are  attached.  Atone 
— *he  u]q>ermo8t — end  of  the  stem  is  an  ovoid,  bubble-like  body  con- 


Fia.  UW.— BkUatemmk  t«rc*ltinnm.  A,  Ihe  entire  cciliraj- ;  B.  u  rlagk  (fToiiv  ul  moids ; 
nr.  itcnoMM ;  J;.  ddctj-loBJoiii :  *;iA,  hrdrophyUliini  or  bmrt :  ,icl.  iieclofal)i  "r strtinmliii!- 
bell;  Hfr.  battery  of  LiciuiitucyfltH  :  p-  lulype:  yit.  pncLtojatuphorv  ar  float :  /-  "',  HjtoniOTBtH  ; 
I.  teiittKlc.    (Alter  ChiK.) 
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taining  air — the  ,;fca/  or  pH<'ttmat4'*ph'Cr<c  {p>i\  Next  coiuo  a  number 
of  closely  set,  transparent  structures  (*t^),  having  the  genonU  char- 
acters  of  unsvmmetiical  medusse  without  manubria,  each  being  a 
deep,  bell-like  body,  with  a  velum  and  radiating  canals.  During  fife 
these  sicimMini^iU  or  n€ctocaJyocs  contract  rfiythmically — 1>,  at 
regular  intervaJs — dra^dng  water  into  their  cavities,  and  immedi- 
ately pumping  it  out,  thus  serving  to  propel  the  entire  orgjuiism 
through  the  water.  Below  the  last  nectocalj-x  the  character  of  the 
structures  borne  by  the  stem  changes  completely:  thev  are  of 
several  kinds,  and  are  arranged  in  gri>ups  which  follow  one 
another  at  regular  interv-als,  and  thus  divide  the  stem  into  seg- 
ments, like  the  nodes  and  intemodes  of  a  plant. 

Springing  firom  certain  of  the  **  nodes ''  are  unmistakable  pi>lvpes 
(/?),  differing  however  fix)m  those  we  have  hitherto  met  witK  in 
having  no  circlet  of  tentacles  round  the  mouth,  but  a  single  long 
branched  tentacle  (t)  arising  finom  its  proximal  end,  and  bearing 
numerous  groups  or  **  batteries "  of  stinging-capsules  (ntc\  In 
the  remaining  nodes  the  place  of  the  polypes  is  taken  by  dactvK>- 
zooids  or  feelers  (dz) — mouthless  polypes,  each  with  an  unbranclied 
tentacle  springing  from  its  base.  Near  the  bases  of  the  pol\-pes 
and  dactylozooids  spring  groups  of  sporosacs  (B,  $,  s'\  some  male, 
others  female  :  and  finally  delicate,  leaf-like,  transparent  bodies — 
the  bracts  or  hydwphyllia  {hph) — spring  from  the  "mtemtKles"  and 
partly  cover  the  sporosacs. 

It  is  obvious  that,  on  the  analogy  of  such  a  hydroid  polyjx*  as 
Obelia,  Halistemma  is  to  be  looked  upon  as  a  pohmorphic  floj\ting 
colony,  the  stem  representing  a  ccenosarc,  and  the  various  stnic- 
tures  attached  to  it  zooids — the  poh'pes  nutritive  zooids,  the 
feelers  tactile  zooids,  the  sporosacs  repnxluctive  zooids,  the  bmcts 

Srotective  zooids,  and  the  swimming-bells  locomotory  zooids.  The 
oat  may  be  looked  upon  as  the  dilated  end  of  the  stem,  which 
has  become  invaginated  or  tumed-in  so  as  to  form  a  bladder 
filled  with  air,  its  outer  and  inner  surfaces  being  funiishoil  by 
ectoderm,  and  the  middle  portion  of  its  wall  by  two  layers  of 
endoderm,  between  which  the  enteric  cavity  originally  exteiKUnl 
(Fig.  WJ.pn),  The  upper  or  float-bearing  end  is  pn>xinml — \a. 
answers  to  the  attachea  end  of  an  Obelia-stoni :  it  is  the  opjK)sit<' 
or  distal  end  which  grows  and  forms  new  zooids  by  bmliling. 

In  some  Siphonophora  the  bracts  contain  indications  t)f  radial 
canals,  so  that  these  structures,  as  well  as  the  swimming- bells 
and  sporosacs,  are  formed  on  the  medusa-type,  while  the  hydranths 
and  feelers  are  constructed  on  the  polype- typt\ 

It  will  be  noticed  that  the  radial  svmmelrv,  so  chanicteristic 
of  most  of  the  Hydrozoa  previously  studied,  gives  way,  in  thi- 
case  of  Halistemma,  to  a  bilateral  symmeiry.  The  swimming-bills 
are  placed  obliquely,  and  the  mouth  of  the  bell  is  not  at  right 
angles   to   the  long  axis.  .*4o  that  only  one  plane  can  Ix*   taken 


dividing  these  structures  into  two  equal  halves :  the  same  applies 
to  the  polype  and  feelers  with  their  single  basal  tentacle.  When 
first  formed  the  various  zooids  are  all  on  one  side  of  the  stem,  but 


Kia.  107.— DfggnuD  of  >  llpboaopbora  :  the  thick  line  nprcKiitB  cndudcnn  ;  the  bwoo  «■ 
temal  to  It,  ectodarm  ;  tneintenvJ  apace,  the  enteric  cnvity.  ca.  ctgnoaMr;  <f i.  dmctjknDoid ; 
*pA.  hydrophyUium ;  kcI.  nrf.  ii«t«*lyce«  ;  iilc.  battery  uf  ncniatucjBts ;  p.  polype;  p». 
PDCumBtopaore :  t  tQntacls.    (AltorCIiui.) 

the  latter  becomes  spirally  twisted  during  growth,  and  so  causes 
them  to  arise  irregularly. 

The  egg  of  Halistemma  gives  rise  to  a  ciliated  planula  re- 
sembling that  of  the  other  Hydrozoa.  At  one  pole  the  ectoderm 
becomes  invaginated  to  form  the  float  (Fig.  108,  ep),  the  opposite 
extremity  is  gradually  converted  into  the  first  polj'pe  (po),  and 
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a  bnd  appeats  on  one  side  which  becomes  the  first  tentacle  (O- 
By  gradual  elongation,  and  the  formation  of  new  zooids  as  lateral 
buds,  the  aduft  form  is  produced ;  the  various  zooids  are  all 
formed  between  the  fii^t  polype  and  the  float,  so  that  the  two 
become  further  and  further  apart,  being  always  situated  at  the 
distal  and  proximal  ends  of  the  colony  respectively. 

lo  ui  allied  form  (.j^o/nia)  the  first  Blmctiire  to  appcjir  in  the  anbryo  U  not 
Uu  float,  bat  the  Gist  brut .  which  grows  coiuiderabl]'  anil  envelops  the  grOTring 
onbtTO  in  much  the  same  way  as  the  Dmbrellii  of  a  meiliua  eDvelopi  the  manii' 
bnam.  On  this  aod  other  grounds  mine  zuolagista  look  npon  the  Siphooopfaore- 
ooLonj'  at  a  meduM  the  mannbrium  of  which  has  extended  immeiuelv  and 
pndnoed  lateral  bml*  after  the  mar.ne?  of  wme  Anthemed  use  iFig.  Bs'  T  aj. 


O*  thta  theory  the  «ntit«  rnnn— rr  is  an  eitendeil  niaaubriiuu,  and  the  first  or 
primary  bract  ia  the  umbrella.  But  freqaeotly — as  in  Halislcmtiui — ■  pntnaij 
bnct  IS  not  farmed,  and  wheu  preseol  there  af^iean  Ui  be  t>0  rauoa  asainat 
regarding  it  as  a  Uleral  bod  of  the  wxU.  of  iiuit«  the  aano  tutttue  aa  the  n 


In  the  well-known  "Portuguese  man-of-war"  {Pht/ailta)  there 
is  a  great  increase  in  proportional  size  of  the  float  and  a  ooire- 
sponding  redaction  of  the  Vest  of  the  cosnosarc  The  float  (Fig. 
10!).  ;<n)  has  the  fonu  of  an  elongated  bladder,  from  3  to  12  cm. 
long,  pointed  at  both  ends,  and  pnxiuced  alon^  its  upper  edge 
into  a  crest  or  sail  (cr) :  as  a  rule  it  is  of  a  brilliant  peacock-blue 
colour,  but  orangfH^loured  specimens  are  someiimes  met  with. 
At  ooc  end  is  a  minute  aperture  communicating  Ti~ith  the  exterior 
Thertj  art  no  swiuimiag-bells,  but  from  the  under  size  of  the  float 
hang  pol\'pes  (jt).  feelets,  groups  of  medusoids  looking  like  bunches 


of  grapes  of  a  deep  blue  colour,  and  long  retractile  tentacles, 
sometimes  several  feet  in  length  and  containing  batteries  of 
atinging-capsulea  powerful  enough  to  sting  the  hand  as  severely 
as  a  nettle.     The  male  reproductive  zooid  remains  attached,  as  in 


Halistemma,  but  the  female  apparently  becomes  detached  a-i  ii 
free  medusa. 

In  IHpkyes  the  float  is  absent.  Two  swimming-bells  (Fig,  1 10,  m ) 
of  proportionally  immense  size  are  situated  at  the  proximal  end  of 
the  coenoaarc,  and  are   followed   by   wideiy-weparated  ^mps   W: 
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zooids  {£),  each  group  coutaining  a  polype  (»)with  itstenCacles^i), 
a  mediisoid  (g),  and  a  lai^  enveloping  bract  (t).  The  stem  often 
breaks  at  the  intemodes,  and  the  detached  groups  of  zooids  then 
»wim  about  like  independent  organisms. 

Porpita  is  formed  on  a  different  type,  and  haa  a  close  general 
resemblance  to  a    medusa.     It  consist  (^Fig.   Ill)  of  a  discoid 


Fn.  110.— Dtphr**  CMnpaoalata 


iHlimitd :  1,  ,ri»ppliii((  111 
ming-bcU;  f,  litait.     (1 


body,  enclosing  achambered  chitinoid  shell  (i;/')  containing  air.  and 
obviously  corresponding  with  the  flo.it  of  Physalia,  The  edge  of 
the  disc  is  beset  with  long  tentacles  (0.  "nd  from  its  lower  surface 
depend  numerous  closely  set  feelers  or  dactyUizcxtids  (Ay')  and  blasto- 
atyles  bearing  medusa-,  while  in  the  cfntrt'  is  a  single  poly|(e  (fir/i. 
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which  is  the  only  nutritive  zooid,  taking  in  food  for  the  entire 
colony.  The  closely  allied  genus  VeUlhi  is  of  rhomboidal  form, 
ajid  bears  on  its  upper  surface  an  oblique  sail. 

The  reproductive  zooids  are  liberated  as  free  medusae.  The 
eggs  give  riso  to  young  which  have  a  close  resemblance  to  flat 
medusse  vdth  manubrium,  marginal  tentacles,  and  an  air-chamber 
or  float  developed  in  the  es-umbrella.  Thus  it  is  quite  possible 
that  the  Siphonophora  of  the  Porpita-tj-pe  may  be  medusse  the 
sub-umbrella  of  which  has  given  nse  to  buds  forming  the  feelers 


— Porpita  uelficB. 

1«;   ah.  duunbew' 

Kodllker.} 


UHth ;  B,  Tflrttcml  tecUtin ;  k/t.  poLype  ;  ki/\  dantylo- 
Ibs.     (From  Farker'a   Biitogf,  after  DupeiT7  uid 


and  blastoetyles.  But,  as  their  early  development  is  not  known,  it 
is  still  q^uite  legitimate  to  describe  them  in  the  same  terms  as  the 
other  Siphonophora — i.e.  to  consider  them  as  hydroid  colonies  in 
which  the  coenosarc  is  represented  by  the  discoid  or  rhomboid 
bodv  with  its  contained  air-chambtr. 


^ 


Orxier  5, — Graptouthida. 

The  "  Graptolitee  "  are  fossil  Bydrozoa  fouud  ia  the  Upper  Cambrian  and 

Silurian  rocks.    They  are  known  only  by  their  fossiliseil  tliitinoid  skeleton,  kU 
le  n.fl  parts  having,  as  in  the  nin]i>rity  nf  fnnBilf,  rlisnniieared. 
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With  one  doabtfol  exception  they  are  compound.  ooBBSung  of  an  ekm^Bateii 
mbe.  the  peraarc  of  the  oonuoon  stem,  baring  attached  to  it,  either  in  a  sxn^ 
or  a  double  rov,  nunerons  small  projections,  the  hydrothecae  iFig.  11:^  &.3A. 
The   coenoaaieal    skeleton    is    strengthened    by    a 
alendtt'  axis,  the  rtn^a  irs  the  proximal  end  of 
vhich  is  connected  with  a  small  dagger-shaped  body, 
the  *icmia  («»,  siqiposed  to  be  the  skeleton  of  the 
primarr  aooid  by  the  bodding  of  which  the  colony 
was  prodnccd.       In  connection  with  9ome   species 
oral  or  cap-like  eapsnlea  have  been  fonnd :  these 
may  probaMy  be  of  the  nature  of  gonothecae. 


ADDITIOXAL  RE3IARKS  OX  THE  HVDROZOA. 

The  vast  majority  of  Hjkxirozaa  aro 
marine,  the  only  exceptions  being  If^dtv, 
foimd  all  over  the  worid:  Jfitrokyth^i,  at 
present  known  only  in  North  America : 
Cordifhpkom,  one  of  the  Anthomedusiv. 
found  in  Europe.  America.  Australia,  and 
Xew  Zealand;  Foi^podiKM,  also  an  Antho- 
medusa,  found  in  the  Volga,  where  in 
one  stage  of  its  existence  it  is  parasitic  on 
the  eggs  of  a  Sturgeon:  LimHocodium,  a 
doubtful  Trach\Tnedusa,  hitherto  found 
only  in  a  tank  in  the  Botanical  Ganlens. 
Regent  s  Park,  where  it  w;is  probably  in- 
troduced from  the  West  Indies:  and  LimnocHida,  found 
Lake  Tanganyika.  Africa. 

The  oldest  known  Hydrozoa  are  the  Graptolites.  found  first  in 
the  Cambrian  rocks:  Hydractinia  occurs  in  the  Cretaceous  epoch, 
and  Hydrocorallina?  from  the  Cretaceous  onwards. 

Parasitism,  although  rare,  is  not  unknown  in  the  class.  Poly- 
podium,  one  of  the  Anthomedusa^,  is  parasitic  during  part  of  its 
existence,  in  the  ovarj'  of  the  Sturgeon :  and  Cunina.  one  of  the 
Narcomedusa?.  is  parasitic  on  a  Trachymeilusa. 

In  the  section  on  the  Protozoa  we  saw  that  while  the  majority 
of  species  are  independent  cells,  each  }>orfoninng  alone  all  the 
essential  functions  of  an  animal,  others,  such  {\s  Pandorina, 
Volvox,  and  Proterospongia,  consist  of  nuinenHis  unict^Uular 
zooids  associated  to  fonii  a  colonv  in  which  a  certain  division  of 
labour  obtains,  the  function  of  ronnxluction,  for  instance,  biing 
assigned  to  certain  definite  cells  and  not  jxTfornuHl  by  all  alike. 
Thus  the  colonial  Protozoa  ftimish  an  example  o{  inffiruhtation, 
numerous  cells  combining  to  fonn  a  olony  in  which  the  stneral 
parts  are  dependent  one  upon  anu»ther.  and  which  may  theri'foro 
oe  said  to  constitute,  from  the  ph ysioL »i;ical  jKunt  of  view,  an 
indindual  of  a  higher  onier  than  the  coll. 


Fiv-^  Hi,  — 
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This  is  still  more  notably  the  case  in  the  lower  Metazoa,  such 
as  Ascetta  and  Hydra,  in  which  we  have  numerous  cells  combined 
to  form  a  permanent  two-layered  sac  with  a  terminal  aperture, 
some  of  the  cells  having  digestive,  others  tactile,  others  repro- 
ductive functions.  Thus  while  an  Amoeba  or  a  Paramoecium  is 
an  individual  of  the  first  order.  Hydra  and  Ascetta  are  i^idividnals 
of  tite  second  order,  each  the  equivalent  of  an  indefinite  number  of 
individuals  of  the  first  order. 

In  the  Hydrozoa  we  see  this  process  carried  a  step  further. 
Budding  takes  place  and  colonies  are  produced,  the  various  zooids 
of  which — each  the  equivalent  of  a  Hydra — instead  of  remaining 
all  alike,  become  differentiated  both  morphologically  and  physio- 
logically, so  as  to  differ  immensely  from  one  another  both  in  form 
and  function.  In  Obelia,  for  instance,  reproduction  is  made  over 
exclusively  to  the  medusae,  while  in  Halistemma  we  have  zooids 
specially  set  apart,  not  only  for  reproductive,  but  for  tactile  and 
protective  purposes.  Thus  in  Halistemma  and  the  other  Siphono- 
phora  there  is  a  very  complete  subordination  of  the  individual 
zooids  to  the  purposes  of  tne  colony  as  a  whole,  the  colony  thu.s 
assuming,  from  the  physiological  point  of  view,  the  characteristics 
of  a  single  individual,  and  its  zooids  the  character  of  organs.  In 
this  way  we  get  an  individtial  of  the  third  order,  consisting  of  an 
aggregate  of  poljmaorphic  zooids,  just  as  the  zooid  or  individual 
of  the  second  order  is  an  aggregate  of  polymorphic  cells  or 
individuals  of  the  first  order. 


CLASS  II.— SCTPHOZOA. 

I.  Example  of  the  Class — The  Common  Jelly-fish 

{Aurelia  aurita). 

Aurelia  is  the  commonest  of  the  larger  jelly-fishes  and  is  often 
foimd  cast  up  on  the  sea-shore,  when  it  is  readily  recognisiible  by 
its  gelatinous,  saucer-shaped  umbrella,  three  or  four  inches  in 
diameter,  and  having  near  the  centre  four  red  or  purple  horseshoe- 
shaped  bodies — the  gonads — lying  embedded  in  the  jelly. 

External  Characteristics. — The  general  arrangement  of  thcj 
parts  of  the  body  is  very  similar  to  what  we  are  already  familiar 
with  in  the  hydrozoan  jelly-fishes  (Figs.  113  and  114,  A).  Most 
conspicuous  is  the  concavo-convex  umbrella,  the  convex  surface  of 
which,  or  ex-umbrella,  is  uppermost  in  the  ordinary  swimming 
position.  The  outline  is  approximately  circular,  but  is  broken  bv 
eight  notches,  in  each  of  which  lies  a  pair  of  delicate  processes, 
the  marginal  lappets  {my.  Ip):  between  the  pairs  of  lappets  the 
edge  of  the  umbrella  is  fringed  by  numerous  close-set  marf/iaal 
tentacles  (t). 


ndlitl  aiiti  .  i-r.  t^  nub^lbd  pit 
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In  the  centre  of  the  lower  or  Bub-umbrellar  surface  is  a  tuur- 
sided  aperture,  the  7nouth  (mth),  borne  at  the  end  of  an  extremely 
short  and  inconspicuous  manubi-iufn, :  surrounding  it  are  four  long 
delicate  processes,  the  oral  arms  (or.  «),  lying  one  at  each  angle 
of  the  mouth  and  uniting  around  it.  Each  arm  consist^t  of  a 
folded  membrane,  tapering  to  a  point  at  its  distal  end,  beset 
along  its  edges  with  dehcate  processes,  and  abundantly  provided 
with  stinging-capsules.  The  angles  of  the  mouth  and  the  arms 
lie  in  the  four  per-radii,  i.e.  at  the  end  of  the  two  principal  axes 
of  the  radially  symmetrical  body :  of  the  marginal  notches  with 
their  lappets,  four  are  per-radial  and  four  inter-radiaL 

At  a  short  distance  from  each  of  the  struight  sides  of  the 
mouth,  and  therefore  inter-radial  in  position,  is  a  nearly  circular 
aperture  leading  into  a  shallow  pouch,  the  sui-gcnital  pit  (s.</.  p). 
wnich  lies  immediately  beneath  one  of  the  conspicuously  coloured 
gonads  (gon). 

IHgevtive  Cavity  and  Canal-SyBtem.— The  mouth  leads  by 
a  short  tube  or  gullet  igi'.l),  contained  in  the  manubrium,  into  a 
spacious  stoToack  (st),  which  occupies  the  whole  middle  region  of 
the  umbrella,  and  is  pi-oduced  into  four  wide  inter-radial  gastric 
poiickes  (_g.  p),  which  extend  about  half-way  from  the  centre  to 
the  circumference  and  are  separated  from  one  another  by  thick 
pillar-like  portions  of  the  umbrella-jelly.     In  the  outer  or  peri- 

fiheral  wall  of  each  gastric  pouch  are  three  small  apertures, 
eading  into  aa  many  radial  canals,  which  pass  to  the  edge  of 
the  umbrella  and  there  unite  in  a  very  narrow  circular  canal 
(circ.  c).  The  canal,  which  opens  by  the  middle  of  the  three 
holes,  is  of  course  inter-radial  (i.r.  c):  it  divides  immediately 
into  three,  and  each  division  branches  again :  the  canals  from  the 
other  two  holes  are  adradial  (a.r.  c),  and  pass  to  the  central  canal 
without  branching.  There  is  also  an  aperture  in  the  re-entering 
angle  between  ejich  two  gastric  pouches :  this  leads  into  a  per- 
radial  canal  (p.r.  c),  which,  like  the  inter-radial,  branches 
extensively  on  its  way  to  the  edge  of  the  umbrella. 

The  general  arrangement  of  the  ceU^layen  in  Aurelia  is  the 
same  as  in  a  hydroid  medusa  (Fig.  114,  B).  The  main  mass  of 
the  umbrella  is  formed  of  gelatinous  raesogtoea.  which,  however, 
is  not  structureless,  but  is  traversed  by  branching  fibres  and 
contains  amoeboid  cells  derived  from  the  endodcnn.  Both  ex- 
and  Bub-umbrelJse  are  covered  with  ectoderm,  and  the  stomach  and 
canal-system  are  lined  with  endoderm,  which  is  ciliated  through- 
out. Some  observations  seem  to  show  that  the  short  tube 
described  above  as  a  gullet  is  lined,  not  by  endoderm,  but  by 
an  in-tumed  portion  of  the  ectoderm,  as  we  shall  see  to  be  the 
case  in  Actinozoa  and  Ctenophora ;  but  this  matter  cannot  be 
considered  as  definitely  settled. 

It  was  mentioned  above  that  in  the  free  medusa  the  gonads 
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appear  through  the  transparent  umbrella  as  ci^loured  hoi-seahoe- 
shaped  patches.  Their  precise  position  is  seen  by  cutting  away  a 
portion  of  the  ex-umbrella  so  as  to  expose  one  of  the  gastric 
pouches  from  above  (Fig.  113.  A).  It  is  then  seen  that  the 
gonad  (gon)  is  a  frill-like  stnicture  lying  on  the  floor  of  the 
pouch  and  bent  in  the  form  of  a  horae-shoe  with  its  concavity 
looking  inwards,  i.e.  towards  the  mouth.     Being  develojied  from 


the  floor  of  the  enteric  cavity,  the  gonafl  is  obviously  an 
•■ndodennal  structure :  when  mature,  its  products — ova  or  sperms 
— are  discharged  into  the  stomach  and  pa.'a  out  bv  the  mouth. 
Here,  then,  is  an  important  difference  from  the  Hydrozon,  in 
which  the  generative  products  are  usually  ectodermal,  and  are 
always  discharged  directly  on  the  exterior.  Thu  sexes  arc  lodged 
in  distinct  inuividuuls. 
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Lying  jtarallel  with  the  inner  or  concave  bonier  of  each  gonad 
is  a  row  of  delicate  filaments  (if.  /),  formed  of  endoderm  with  a 
core  of  meaoeloea  and  abundantly  supplied  with  stinging-capsules. 
The.se  are  the  gaitrlc  filaments :  their  function  is  to  kill  oi- 
paralyse  the  prey  taken  alive  into  the  stomach.  No  such  endo- 
donual  tentacles  are  known  in  thi.;  Hydrozoa, 

Hiuciilar  and  Nervous  Systenu.— The  contractions  of  the 
bell  by  which  the  animal  is  propelled  through  the  water  are 
effected  by  means  of  a  muscular  zone  round  the  edge  of  the  suh- 
nrabreila.  The  nervous  pj-stem  is  formed  on  a  different  plan 
from  that  of  the  hydroid  medusre.  Instead  of  a  double  nerve-ring 
round  the  margin  of  the  umbrella,  there  are  eight  groups  of  nerve- 
cells  in  connection  with  the  marginal  notches.  The  nerve-cells 
lie  between  the  bases  of  the  epithelial  cells,  and  external  t<)  thii 
muscular  layer :  they  are  obiiously  ectodermal  structures. 

The  sense  organs  are  lodged  in  the  marginal  notches  in  close- 
relation  with  the  ncTve-patches :  Uke  the  latter,  therefore,  four  of 
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them  are  per-radial  and  four  inter-radial.  Each  consists  of  a 
peculiar  form  of  sense-club  or  ifniaculccgsi,  containmg  a  prolonga- 
tion of  the  circular  canal,  and  thus  representing  a  hollow  instead 
of  a  solid  tentacle.  At  the  extremity  are  calcareous  concretions 
or  lithites  (/)  derived  from  the  endoderm,  and  on  the  outer  side 
is  an  ectodermal  pigment-spot  or  ocellus  (oc).  The  tentaculocysts 
are  lately  hidden  by  the  marginal  lappets  (mg.  Ip)  and  by  a 
hood-like  process  (A)  connecting  them ;  and  in  connection  with 
each  are  two  depressions,  one  on  the  ex-umbrella  (olf.  J),  the  other 
immediately  internal  to  the  sense-club  (olf.  2) :  these  depressions 
are  lined  with  sensory  epithelium  and  are  called  oljadory  pUs. 

The  deTelopment  and  Ufb-hlstory  of  Aurelia  present  several 
striking  and  characteristic  features.     The  impregnated   egg-cell 
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or  oosperm  divides  regularly  and  forms  a  morula,  which,  by  accumu- 
lation of  fluid  in  its  interior,  becomes  a  blastula — a  closed  sac  with 
walls  formed  of  a  single  layer  of  cells.  One  end  of  this  sac  becomes 
invaginated  to  form  the  gastrula.  The  blastopore  or  gastrula- 
mouth  closes,  the  embryo  being  converted  into  a  closed  two- 
layered  sac  OT planula  (Fig.  116,  A),  indistinguishable  from  that  of 
a  Hydrozoon,  although  formed  by  a  totally  difFerent  process. 

The  planula  swims  about  by  means  of  the  cilia  with  which  its 
ectodermal  cells  are  provided,  and,  after  a  brief  free  existence, 
settles  down,  loses  its  cilia,  and  becomes  attached  by  one  pole. 
At  the  opposite  pole  a  mouth  is  formed,  the  process  taking  place 
by  a  sinking-in  or  invagination  of  the  surface  so  as  to  produce  a 
depression  Imed  with  ectoderm  (B,  st.\  the  bottom  of  which 
becomes  perforated  so  as  to  communicate  with  the  enteric  cavity 
(CfSt,):  the  depression  is  the  stomodceinn,  a  structure  of  which 
there  is  no  trace  in  the  Hydrozoa.  On  two  opposite  sides  of  the 
mouth  hollow  processes  grow  out,  forming  the  first  two  tentacles : 
soon  two  others  appear  at  right  angles  to  these,  the  organism 
thus  being  provided  with  four  per-radial  tentacles.  Subsequently 
four  inter-radial  and  eight  adradial  tentacles  appear.  At  the 
same  time  the  attached  or  proximal  end  is  narrowed  into  a  stalk- 
like organ  of  attachment  (E),  and  the  endoderm  of  the  enteric 
cavity  is  produced  into  four  longitudinal  ridges,  inter-radial  in 
position,  and  distinguished  as  the  gastric  ridges  or  tccnioles  (D,  in.). 
The  mouth  (E,  mth.)  assumes  a  square  outline,  and  its  edges  become 
raised  so  as  to  form  a  short  manubrium  {mnh,\  and,  finally,  the 
ectoderm  of  the  distal  surface — i.e.  the  region  lying  between  the 
mouth  and  the  circlet  of  tentacles — becomes  invaginated  in  each 
inter-radius  so  as  to  produce  four  narrow  funn  el-like  depressions — 
the  septal  funnels  or  inficndibula  (E  and  F,  s.  f.) — sunk  in  the  four 
gastric  ridges. 

The  outcome  of  all  these  changes  is  the  metamorphosis  of  the 
planula  into  a  polype  (E),  not  unlike  a  Hydra  or  the  hydrula-stage 
of  the  Leptolina?,  but  distinguished  by  a  pronounced  differentia- 
tion of  structure,  indicated  by  the  sixteen  tentacles  developed  in 
regular  order,  the  stomoda?um,  and  the  four  gastric  ridges  with 
their  septal  funnels.  The  Scyphozoon-polype  is  called  a  >S(//y>/i^</(f 
or  Scyphistonm. 

The  Scyphula  may  grow  to  a  height  of  half  an  inch,  and  some- 
times multiplies  by  budding.  After  a  time  it  undergoes  a  process 
of  transverse  fission  (G),  becoming  divided  by  a  series  of  constric- 
tions which  deepen  until  the  polj-pe  assumes  the  appeanince  of  a 
pile  of  saucers,  each  with  it«  edge  pnxluced  into  eight  bifid  lobes, 
four  per-  and  four  inter-radial.  Soon  the  process  of  constriction 
is  completed,  the  saucer-like  bodies  separate  from  one  another, 
and  each,  turning  upside  down,  begins  to  swim  alx^ut  as  a  small 
jelly-fish  called  an  Ephyrula  (H,  I).    The  umbrella  of  the  ephyrula 
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is  divided  into  eight  long  bifid  arms  (a.)  with  deep  (adradiai) 
notches :  it  has  of  course  carried  away  with  it  a  segment  of  the 
etomach  with  the  gastric  ridges  of  the  Scyphula :  during  the  process 
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I ;  L-d  Una,  thnrtv^i  ail  Intcr-fAdliu  on 

'    <  i^layi'ulit  frum  Qv)  uidn ;  L,  tho  Bama 

.  in  ,1,  the  eadodDtu  Btii&lfldf  and  the 

'    I  '  ' .  I:  'I.  .1.  L  tui ;  mtk.  mouthy  t,f-  nopto]  faaliol» 

„.  i.,.-,„.n. ,  ..  .v..i..,.;^  ,  :.L.  U,i.,..;^™.    ^[  1..11.  i»..i«liultllQdHol<ior'BiVri6ryi./ujii,) 

of  constriction  this  becomes  closed  in  on  the  proximal  or  ex- 
umbrellar  side,  while  on  the  sub-umbrellar  side  it  remains  open, 
and  its  edges  grow  out  to  form  a  manubrium.     On  ijauh  gastric 
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ridge  appears  a  single  gastric  filament,  soon  to  be  followed  by 
others,  and  in  the  notches  at  the  extremities  of  the  eight  arms 
tentaculocysts  make  their  appearance.  In  the  meantime  the 
spacious  enteric  cavity  is  continued  into  the  eight  arms  in  the 
form  of  wide  radiating  canals. 

As  the  ephjTula  grows  the  adradial  regions — at  first  deeply 
notched — ^grow  more  rapidly  than  the  rest,  the  result  being  that 
the  notches  become  gradually  filled  up,  and  the  umbrella,  from  an 
eight-rayed  star,  becomes  a  nearly  circular  disc.  Four  oral  arms  are 
developed,  and  numerous  marginal  tentacles,  and  the  ephjTula 
gradually  assumes  the  form  of  the  adult  Aurelia.  It  seems 
probable  that  the  sub-genital  pits  of  the  medusa  are  formed 
from  sections  of  the  septal  funnels  of  the  Sc}'phula. 

Thus  the  life-history  of  Aurelia  differs  in  several  marked 
respects  from  that  of  any  of  the  Hydrozoa.  There  is  an  alternation 
of  generations,  as  in  Obelia,  the  gamobium  being  represented  by 
the  adult  Aurelia,  the  agamobium  by  the  Scyphula  But  instead 
of  the  medusa  bein^  developed  either  as  a  bud  on  a  branched 
colony,  as  in  Leptolmae,  or  by  direct  metamorphosis  of  a  pol}^, 
as  in  Trachylinsp,  it  is  formed  by  the  metamorphosis  of  an  ephjTula 
developed  as  one  of  several  transverse  segments  of  a  polype. 

It  has  been  shown  that,  under  exceptional  circumstances,  the 
egg  of  Aurelia  develops  directly — i.e.  without  the  interposition  of 
a  Scj'phula-stage — into  the  adult  medusa.  As  we  shall  see,  this  is 
the  normal  mode  of  development  of  many  allied  forms. 

2.  General  Structure  axd  Classificatiox. 

The  Scyphozoa  may  be  defined  as  medusoid  Coelenterata,  having 
the  same  general  structure  and  arrangement  of  the  layers  as  the 
medusoid  Hydrozoa,  but  differing  from  them  in  the  possession  of 
endodermal  gastric  tentacles;  in  having  endodermal  gonads  dis- 
charging their  products  into  the  digestive  cavity;  and,  in  nearly 
all  cases,  by  the  absence  of  a  velum,  and  in  the  presence  of  st»nse- 
organs  in  the  form  of  hollow  sense-clubs  or  tentaculocysts.  How 
far  a  stomodaeum  or  ectodermal  gullet  is  characteristic  of  the 
group  is  uncertain.  As  in  the  Hydroz<ja,  the  medusii  develops 
directly  from  the  egg  in  some  species,  while  in  others  there  is  an 
alternation  of  generations,  a  polype -fonn  (agamobium)  giving  rise 
to  the  medusa-form  (gamobium)  by  a  process  of  traiL^^verst*  fission. 
In  the  majority  of  cases,  however,  nothing  is  known  of  the  life- 
history,  the  process  of  development  having  been  wurked  out  only 
in  a  few  cases. 

As  &r  as  is  known  the  segmenting  embryo  cives  rise  to  a  g»astrula 
by  invagination :  by  the  closure  of  the  bla.>tu|>»re  a   ])lanula  is 

!>roduc(^,  at  one  end  of  which  a  second  invagination  takes  ])lace. 
bnning  the  stomodaeum. 

M  2 
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The  Scyphozoa  are  divisible  into  four  orders,  as  follows : — 

Order  1. — Stauromedus^. 

Scyphozoa  having  a  conical  or  vase-shaped  umbrella,  sometimes 
attached  to  external  objects  by  an  ex-umbrellar  peduncle:  no 
tentaculocysts. 

Order  2. — Peromedusje. 

Scyphozoa  having  a  conical  umbrella  divided  by  a  transverse 
constriction :  four  inter-radial  tentaculocysts. 

Order  3. — CuBOMEDUSiE. 

Scyphozoa  with  a  four-sided  cup-shaped  umbrella:  our  per- 
radial  tentaculocysts. 

Order  4. — DiscoMEDUSiE. 

Scyphozoa  with  a  flattened  saucer-  or  disc-shaped  umbrella : 
not  fewer  than  eight  tentaculocysts,  four  per-  and  four  inter-radial. 

Sub-Order  a, — Cannostomcc. 

Discomedusffi  with  a  simple  BC|uare  mouth  devoid  of  oral  arms. 

Sub-Order  b. — Semostomcc. 

Discomedusse  in  which  the  square  mouth  is  produced  into  four  long  oral 
arms. 

Sub-Order  c. — Bhizostonicc, 

Discomeduaee  having  the  mouth  obliterated  by  the  growth  across  it  of  the 
oral  arms  :  the  stomach  is  continued  into  canals  which  open  by  funnel-shaped 
apertures  on  the  edges  of  the  arms. 

Si/stcviatic  Position  of  the  Example, 

Aurelia  aurita  is  one  of  several  species  of  the  genus  Aurelia, 
and  is  placed  in  the  family  Vlmarid^,  the  sub-order  SemostomoCy 
and  the  order  Disconieduscc, 

Its  saucer-shaped  umbrella  and  eight  tentaculocysts  place  it  at 
once  among  the  Discomedusai :  the  presence  of  a  distinct  mouth 
surrounded  by  four  oral  arms  excludes  it  from  the  first  and  third 
sub-orders  of  Discomedusae  and  place  it  in  the  second  sub-order  or 
Semostomae.  The  latter  group  contains  six  families,  characterised 
mainly  by  differences  in  the  canal-system :  the  Ulmarida?  arc 
distinguished  by  narrow  branched  radial  canals  opening  into  a 
circular  canal.  Of  the  seven  genera  in  this  family,  Aurelia  stands 
alone  in  having  its  tentacles  attached  on  the  dorsal  or  ex-umbrellar 
side  of  the  margin,  and  in  the  oral  arms  showing  no  trace  of  bi- 
furcation. Eight  species  of  Aurelia  are  recognised,  A.  aurita 
being    distinguished    by    having   the   oral  arms  slightly  shorter 
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than  the  radius  of  the  timbrella.  nod  bv  hax'ing  »  inchotomous 
int^r-radial  canal  and  two  unbranchtxl  actnidial  OAnaU  springing 
from  eaob  gastric  pouch. 


Order  1. — STAVRosiEnrs.fi 


u  hmviag  the  sanie  general  choral-lei's  aa  the  Si'vp 
tbkt  the  bell-8hftp«l  Ixxly  ia  fn.t;-iiwiiiiiiiiii)(.  '1 
nirronnded  bv  eight  teiitaeles.  four  ptn--  i/i.r.  t)  iiii>t 
movemeDt  is  elTeele.!  l>y  a  w'eU-Jt^st.'l<>|>(.-il  -yo.wm  .> 
The  simplicit,!'  of  the  geniu  ia  well  ahown  iii  t]ii>  I 
The  manubrium  linit'i. )  luaiU  into  u  pjraciDUK  sioiiiii< 
per-radisl  pouchea  arv  cuiitiiiucl  into  the  uiulin-llii 
another  by  a  Bpocioua  cavity  passing  rouiiil  ils  nii 
sintu.  There  are  only  lour  gastriu  lilamoiila  I'j.f.  1. 1 
loor  inter- radial  gastric  nilgex  or  tii'Dinlea  ('".).  Tli 
•haped,  with  their  coiicavitie*  ijirevt«j  towunls  thi 


iLvgiii  ..rthe  u 
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Luccniarin  (Fij!.  118),  a  genas  not  uncommon  on  tbe  British  coaata,  ia  in  one 
respect  even  more  like  a  Sofpliula,  sinue  it  is  attached  by  a  peduncle  Jcvelipeil 
from  the  centre  o£  the  ex*umbrella.  The  margin  of  the  ombroUa  is  prolonged 
into  eight  abort  hullow  adradial  armi,  bearing  at  their  ends  groiipH  of  short 
adheBive  tentacles  {(.).      Aa  in  the  Scyphula,  each  gaatric  riilg 


infundibulnni,  lined  with  ectoderm  and  opening  on  the  Bub-umbiclhi.  The 
gaatric  filnmenta  (y,  /. )  are  very  numerons — a  distinct  advaDi;e  on  Tc^soifi — and 
the  gonads  Igon.)  are  bnnd-Iike.  There  are  no  iiense-orgauB  in  Luceniaiiu,  but 
in  an  aUied  genus  degenerate  lentaculocyata  are  prcwint. 


Order  2. — Peromedcs-e. 

This  group  inctndes  a  »maU  numWr  of  rare  and  beautiful  Mednan.'  nf  curiously 
complex  btmcture,  of  which  Prrii-oljio.  may  be  taken  ae  an  example.  The  umbrella 
(Fig.  119}  ia  always  conical,  and  is  divided  by  s  horizontal  furrow  into  an  apical 
r^on  or  cone  (cn.)  and  a  marginal  region  or  croimii  the  crown  is  again  divided 
by  a  second,  rather  irregukr  horizontal  furrow  into  a  seriea  of  peilal  loba  Ijjd.  I.), 
adjacent  to  the  cone,  and  a  series  of  marginal  lappeln  {mg.  Ip,},  forming  the  free 
edge  of  the  betl. 

Four  of  the  pedal  lobes,  inter-radial  in  position,  bear  tentaculocyats  (/'-.  t,  four 
others,  per-radial]y  situated,  give  origin  to  long,  hollow  tentacles  (f.).  In  the 
more  complex  genera  there  are  eight  additional  adradial  tentacles. 

The  mouth  imlh.)  is  very  laigc,  and  leads  by  a  wide  manubrium  {mnb.j  into  a 
spacious  stomach  (<f. ),  which  in  ccmtinned  quito  to  the  apex  of  the  cone.  In  the 
wall  of  the  stomadi  are  four  wide  per-radial  alit«,  leading  into  an  immense 
circular  sinus  (tire.  *.).  As  m  Lucemaria,  there  are  four  wide  inter-roilial  in- 
fundibula.  The  gastric  filaments  {ii-J",)  are  very  numerouB,  and  the  elongated 
[J-sliaped  gonads  (ijou.)  are  eight  in  number  and  adradial. 


Order  3. — Cpbowedus-e. 

The  Jally-fiabeH  forming  this  order  are,  as  the  name  implies,  of  ii  ]:iore  oi'  less 
onbical  form,  resembling  a  deep  bell  with  somewhat  ttattcned  top  and  sijuare 
transverse  section.  They  resemble  the  hyclroaoon  Medus*  more  than  nny  of  tha 
other  Scyphoioa.  The  best  known  species,  C'hatybil'ia  marjnipialU  IFig.  120),  ii 
about  5  cm.  in  diameter  and  of  very  firir  '  * 
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As  in  the  lower  PeromedoBs,  the  margin  of  the  umbrella  bean  foar  ten' 
taclea  (f. )  and  (oar  tentaculocj-sU  (tc),  but  the  position  of  these  orgaoi  iaTcversed, 
the  tentaculocvBts  being  per-radial,  the  tmtaclea  inter-mliaL  The  teutacalo- 
cyst*  are  set  in  deep  marginal  notcbeg,  and  (he  tentacles  spring  from  conspicaoiu 


.     [AfttT 


gilatinoQS  lobe*  I/.  i,  vbich  proliaUy  an?ver  to  the 

The  margin  of  (he  um)>rella  is  praluceil.  in  mo 
bivi*Dntal  ahelf  <rV.  I.  re;eni1>Ung  the  vehitn  of  (ho  h 
(ran  it  in  cootaining  a  xcrieti  of  Hraniheil  vt-^wtK  i-i. 
canal ■syiitem,  and  »f  coutsv  linr^l  with  emliaU-ini. 
i«ii«mbere(t.  the  vtluni  lii  foniicil  $iiii|>ty  i>f  .1  •<<'ii 
rapporting  layer  nf  (nemiglit^.  (hriii^  !•>  tlii>  fiiii<l.i: 
like  organ  o(  the  Cubumeilii^^-  is  ili«lini;iiishe-l  a.s  tl 


lal  li)ln>^  i>t  the  prweiling 

.S.-SI..11  I1..I  in  all.  into  a 
lid  Mv.lii»v.  I»it  ■liiTerin^ 
.™-..r.niii.i;..i!*«ilhlhe 
Uu'  )lv.<n.z.ki.  il  vill  be 
l..;vr..f  e.li.ivnn  with  a 
ral  .hrfVrtnit'.  tut  velum- 
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I'lie  inoulh  in  giLuuteil  at  tlic  end  of  u  iihott  mnnubrhitn  {nitib. )  leading  iiita  il 
wide  stouiaclj,  ffoiu  whiuh  go  oft  four  very  broad  pev-ruiiial  pouclitis  (rail,  p.), 
uocupyin];  thu  whole  of  the  four  flat  sides  of  the  umhrella,  and  separutc<l  from  uoe 
snoiher  bj-  iianow  inter-radial  »epla  or  partitions  placed  at  the  fuur  comere. 
These  pouclies  nre  equivalent  to  wide  rmlial  cannla,  and  tlic  partitions  l>elwe<ili 


no.  1%.— anairbdR*  wariipialla.    A 

tnaalntf  on  the   U<ft  fllJe   thrvugli   tta 

iuufnttoD  into  the  TeUrium :  g-  /■  giuC^c  filBtni 
W.  i-elnrium.    (Aft^rClnuii,  ■omswhiit  nltored.) 


.  HiBnting 


them  to  n  poorly  de\elop«d  endoderni  lamella  Ifiid,  lain.y  Al  the  margin  of 
the  ttmbrella  the  pouciiea  communicate  witli  nine  nnothi^i'  \>y  apertures  in  the 
■epta,  80  tlist  a  kind  of  circular  ctinsi  is  pi'oiluccd  (o'rr.  r.  |.  Nuar  the  junution 
of  the  gastric  pouches  with  the  stonuiuh  nru  llie  usual  four  group?  of  gaatrie 
filaments  (if.  / ). 

The  gtniails  fijon.)  ore  four  pairs  of  nsrrnw  plate-like  organs,  nttaphpd  one 
along  wwh  aide  of  each  inter- i-aiiial  sfpluiii.    The  nervous  eysieuj  t.iiii's  tlit  form 
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of  a  sinuous  nen-e-riog  round  the  margin  of  the  bell,  bearing  a  distinct  group  of 
nerve-cells  at  the  base  of  each  tentaculocyst  and  tentacle.  The  Cubomeduss  are 
the  only  Scypliozoa  which,  like  the  Hjdrozoa,  have  a  complete  nerve-ring.  The 
tentaculocysla  ore  very  complex,  each  bearing  a  lithocyst  and  several  eye-spota. 

Order  4. — Discomedus.e.    . 

The  preceding  orders  are  all  Email  ones,  i.e.  include  a  small  number  of  genera 
and  species.  The  vnst  majority  of  Scyphozoa  belong  to  the  present  order — the 
"  Disc-jellies  ''  or  "  Sea-blubbers  "  as  ordinarily  understood. 

The  umbrella  is  alwaj-s  comparatively  flat,  having  the  form  of  an  inverted 
saucer.  The  edge  is  proiluced  primitively  into  eight  pairs  of  uiarginal  lappets, 
but  in  some  of  the  more  highly  differentia  ted  forms  the  number  both  of  lappeta 
anil  of  tentaoulocysts  becomes  greatly  increased.   Many  of  the  species  belonging 


lu.  Ijl.— H«tt*ltkoe. 

gistric  (UukUUtB  ',  ir. 
cuiovyttM ;  a-:  Mub-ni 
(Fn.™  Lmnti  ttoi-jM" 


V  large, 


to  the  lowest   sub-order — the  Caiinosl 

mtlUmetres  in  diameter,  but  most  of  the  Senuwioma.-  and  Khizosii 

and  one  of  the  fonner  group — C^aiita  arrlirn  - 

and  npwanU,    while    its    marginal    tentaclex    resell   the    antiinisliing    length    of 

40  Btetre*.  or  about  130  feet.      But  in  spite  <if  their  hijm-  uml  ajipareiit  Holiility, 

the  amonnt  of  solid  matter  in  these  great  ilelly-linhes  is  extnuirdiiiarily  small ; 

mme  of  them  have  been  pntved  to  contain  more  thun  (HP  per  cect.  <if  wn-water. 

The  marginal  tentacles  are  short  and  xolid  in  the  t'nnmMt<>ni:i' (Kig.  121). 
hoUow  and  often  of  great  length  in  the  SemoKiiitii;!'  ( Fii;.  i  irti.  ,ii.d  altogether 
abaent  in  the  Rhizoatoms!  iFig.  1-2-2).  The  oml  »ruih  are  nlucnt  in  thi-  f^inno- 
■tomf  (Fig.  121},  where  there  is  a  siniile  Ki|iisrc  nr  fimr-raycl  in'.uth  ;  in  the 
Semostoma'  there  are  four  oral  arms  (Fig.  I  i:l.  ui:  'i.  I,  each  resenibliii):  a  leaf 


170 


ZOOLOGY 


folded  along  iU  midrib,  and  Jiaving  more  or  less  frilled  edges:  ui  thvltliun^toiiiii 
e«cb  of  th«  origiDul  four  aniiB  (Fig.  122,  or.  a,  j  becomea  dividvd  longitiiiliiially  iii 
the  courve  of  development,  the  adult  membere  of  the  group  being  vhuracteriaod 
by  the  preiieuco  of  eight  amw,  often  of  great  length,  and  varioiiBly  lobed  and 
t^dod  au  ua  to  prcBonl  a,  more  or  lew  root-like  appmronce. 

The  arnuigemeiit  of  the  enteric  cavity  and  its  offshoots  prcsentB  an  interest- 
fog  aeries  of  modiScationa.  In  the  CaonOBtoins  (Fig.  121)  the  reaemblnucc  to  the 
I  Bphyrula-atage  of  Aurelift  la  very  close  the  atomath  giving  oil  eighl  pouches 
f  which  bifurcate  and  ent«r  the  marginal  lappets  lu  the  SemoatAms  (Fig.  113| 
the  atoinach  lobei  give  off  well  defined  radial  t-anala  which  are  fi'equcntty  more 
or  leu  branched,  ofl«ii  unite  into  Lompliix  networks  and  sometimes  open  into  a 
oircular  caiial  round  the  margin  of  the  umbrella. 

In  tilt)  Rhixostvmn.  (Fig    12J   B)  a  similar  netnork  of  canals  is  foiuid  i[i  the 
nmbr«lla,  but  an  extraordinary  ahan(,c  hse  befallen  the  oral  or  ingcstivu  portion 


of  the  enl«ric  syatenu  Looking  at  the  oral  or  lower  surface  of  one  of  lhe»e  .lelly 
fitheSi  sueb  as  PHi^ma,  no  mouth  is  to  be  seen,  but  a  vareful  examination  of  the 
onki  amta  allows  Che  presence  of  large  nurabers — linnilreilH,  or  even  ibousands  in 
■CMne  caaes — of  amatl  funnel-like  apertures  (B,  C,  n-Mlk.)  with  frilled  margins. 
RltUKxloiiieB  have  been  found  with  prey  of  considerable  sin,  suoh  as  fiahes.  em 
Imoetl  by  the  oniis  and  partly  drawn  into  these  apertures,  which  are  therefore 
csUed  the  mrloriai  monlha.  They  lead  into  canals  in  the  thickness  of  the  amtB 
(Bi  r.),  the  Imaer  canals  iuiit«  iutu  hirger,  and  then  finally  open  into  the  stomach 
(At.  Wc  thus  get  a  polytfomaloiiii  or  many-monthed  condition  which  is  prscli- 
c«lly  nniqup  in  the  animal  kingiloni.  the  only  parallel  to  it  being  furnished 
hy  the  Sputiges.  in  which  the  inhalant  pores  are  roughly  comparable  with  the 
saetorinl  iiiuiitlis  «t  a  Rhi»nitinie. 
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It  has  been  fouod  that  this  charscteristic  arrangement  is  brought  about  by 
certain  changes  taking  place  during  growth.  The  young  Rhizostome  has  a  single 
month  in  the  usual  position,  and  more  or  less  leaf-like  amis,  foldol  along  the 
midrib  so  as  to  enclose  a  deep  groove,  from  which  secondary  grooves  pass,  like 
the  veins  of  a  leaf,  towards  the  edge  of  the  arm.  As  development  proceeds,  these 
grooves  become  converted  into  canals  by  the  union  of  their  edges,  thns  forming 
a  Bystem  of  branching  tubes  opening  proximally  into  the  anglei  of  the  moutb  and 
distolly  by  small  apertures — the  suctorial  mouths — on  the  edges  of  the  arms. 
At  the  same  time  the  proximal  ends  of  the  arms  grow  towards  one  another  and 
finklly  unite  across  the  mouth,  closing  it  completely,  and  forming  a  strong 
boruontal  brtK/iial  ditc,  which  in  the  adult  occupies  the  centre  of  the  snb- 
nmbrellar  surface- 
In  Ephyra,  the  lowest  of  the  Cannost^nuo,  only  fonr  gastric  lilamenls  are 
pnwnt,  as  in  Tessera  (p.  Ifi5)  or  a  newly  Ii1)erated  Kphyrula  (p.l63),  but  as  a 
role  these  characteristic  stmctures  are  verj'  numerous.  The  lower  forms,  also,  have 
no  sub-genital  pouches,  or  indee<l  anything  currcHpunding  to  the  septal  funnels  of 
the  preceding  orders.  In  the  higher  Rhizostoiniv  a  remarkable  moJitication  is 
produced  in  connection  with  these  cavities  :  the  tour  pouches  approach  the  centre 
and  fuse  with  one  another,  forming  a  single  spacious  chamber,  the  sub-i/cHitat 
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pottieo,  which  lies  immediately  below  tlie  floor  of  the  stoiunoh  and  uIkivc  the 
brachial  disc 

In  many  of  the  DiBcomeiiu3a>  ilcvelopment  t;ike9  place  in  the  same  general 
way  as  in  Aurelia,  i.f.  the  impregnale<l  egg  gives  rise  to  a  Scyphula  or  a>>fxual 
polype  stage,  which,  by  tntnaversc  division,  prwlucca  sexual  nimluxii'.  Bui  in 
oth«r  cases  there  is  noaltenution  of  generations,  and  development  i^  ilirecl.  For 
instance,  in  Pf/a;,ia  (Fig.  1231-oiie  of  the  Seniostoniii— a  l.lastula  is  t,.rme.l 
which  becomes  invaginatcd  Bt  one  enil.  forming  a  ga.iti-iilu-  The  blaslngioro  or 
gaatniU- mouth  remains  open,  and  a  considiTahlu  space  is  left  1-etweeii  the 
invaginateil  endodemi  mid  the  ectoilerm.  Xext  the  mouth  ru^iou  liecomen 
elevated,  farming  a  manuhriuni,  ainl  around  lliis  a  I'irt  iil.ir  dcprt-Miion  apivars  - 
the  mdimeut  of  the  sub-Qmbrellar  cavity — surrouuded  by  -i  r^iii^'d  riil^e.  the 
ombrella  margin,  which  noon  lieoonies  diviileil  iiiln  li'lws.  the  niniuiiKil  hijign'tK. 
Dp  to  this  time  the  embryo  is  cilialeil  externally,  but  s(Hin  the  rilia  diMip|iear, 
onl  the  little  creatures  assume  souieuhat  the  fiiiiu  of  iiu  Kphyrula.  which 
grodnaUy  develops  into  the  a<Iult  I'chigt:!. 

Al>DlTH)S.4r,  Remark-s  on  THK  Scvphdzo.V. 

The  Scvphoziijv  an.-  nil  marinf,  ami  iIk'  niajurity  :uv  pt-la^'if.  if. 
.Hwim  freely  un  tho  surtaco  of  the  occiiii.  A  lew  iiilmliir  tln'  lUtp 
sea,  and  have  been  dreiigett  fi-om  its  gicat  a  depth  a-^  2,000  liulmin.-i. 
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Nearly  all  are  free-swimming  in  the  adult  state :  some,  however, 
live  on  coral-reefs  or  mud-banks,  and  are  found  resting,  in  an 
inverted  position,  on  the  ex-umbrella :  and  a  few,  such  as  Lucem- 
aria,  are  able  to  attach  themselves  at  will  by  a  definite  ex- 
umbrellar  peduncle. 

Considering  the  extremely  perishable  nature  of  these  organisms, 
and  the  fact  that  many  of  them  contain  not  more  than  1  per  cent, 
of  solid  matter,  it  is  not  to  be  expected  that  many  of  them  should 
have  left  traces  of  their  existence  in  the  fossil  state.  Nevertheless, 
in  the  finely  grained  limestone  of  Solenhofen,  in  Bavaria,  belong- 
ing to  the  Upper  Jurassic  period,  remarkably  perfect  impressions 
of  Jelly-fishes  have  been  found,  some  of  them  readily  recognisable  as 
Discomednsa*. 

Many  of  the  Scj^hozoa  are  semi-transparent  and  glassy,  but 
often  with  brilliantly  coloured  gonads,  tentacles,  or  radial  canals. 
In  many  cases  the  umbrella,  oral  arms,  &c.,  are  highly  coloured, 
and  some  species,  eg,  Pelagia  noctiluca,  are  phosphorescent.  They 
are  all  carnivorous,  and  although  mostly  hving  upon  small 
organisms,  are  able,  in  the  case  of  the  larger  species,  to  capture 
and  digest  Crustaceans  and  Fishes  of  considerable  size. 


CLASS  IIL— ACTINOZOA 

1.  Example  of  the  Class — A  Sea- Anemone  (Tealia  crassicomis). 

Sea-anemones  are  amongst  the  most  abundant  and  best  known 
of  shore-animals.  They  arc  found  attached  to  rocks,  sea- weeds, 
shells,  &c.,  either  in  rock-jiools  or  on  rocks  left  high  and  dry  by  the 
ebbing  tide.  Usually  their  flower-like  form  and  brilliant  colour 
make  them  very  conspicuous  objects,  but  many  kinds  cover  them- 
selves more  or  less  completely  with  sand  and  stones,  and  contract 
so  much  when  left  uncovered  by  water,  that  they  appear  like  soft 
shapeless  lumps  stuck  over  with  stones,  and  thus  easily  escape  obser- 
vation. Any  of  the  numerous  species  will  serve  as  an  example  of 
the  group :  the  form  specially  selected  is  the  "  Dahlia  Wartlet " 
{Tcaliu  crassironiis),  one  of  the  commonest  British  species. 

External  characters. — Tealia  (Fig.  124,  A)  has  the  form  of  a 
cylinder,  the  diameter  of  which  slightly  exceeds  its  height.  It  is 
often  as  much  as  3  inches  (8  cm.)  across,  is  of  a  green  or  red  colour, 
and  habitually  covers  itself  \vith  bits  of  shell,  small  stones,  &c.  It 
is  attached  to  a  rock  or  other  support  by  a  broad  sole-like  basCy 
sharply  separated  from  an  upright  cylindrical  wall  or  column,  the 
surface  of  which  is  beset  with  rows  of  adhesive  warts  or  tubercles  : 
at  its  upper  or  distal  end  the  column  {)asses  into  a  horizontal  plate, 
the  iHik'  or  peristome.  In  the  middle  of  the  disc,  and  slightly 
elevated  above  its  surface,  is  an  elongated  slit-like  a])ei*ture,  the 


mouth  (mth.),  from  which  streaks  of  colour  radiate  outwards. 
Springing  from  the  disc  and  encircling  the  mouth  are  numerous 
short  conical  tentacles  (t.),  which  appear  at  first  sight  to  be  arranged 
irregularly,  but  are  actually  dispiraed  in  five  circlets,  of  which  the 
innermost  contains  five,  the  next  five,  the  third  ten,  the  fourth 
twenty,  and  the  fifth  or  outermost  forty,  making  a  total  of  eighty. 
Obviously  the  Sea-anemone  is  a  polype,  formed  on  the  same 
general  lines  as  a  Hydra  or  a  JScyphula,  but  differing  from  them  in 
having  numerous  tentacles  arranged  in  multiples  of  five,  and  in 
the  a&ence  of  a  hypostome,  the  mouth  being  nearly  flush  with  the 
surface  of  the  disc.  Its  great  size  and  bulk,  and  the  comparative 
firmness  of  its  substance,  are  also  striking  points  of  ditference 
between  Tealia  and  the  polypes  belonging  to  the  classes  Hydrozoa 
and  Scj'phozoa. 

Enteric  ^stem — Still  more  fundamental  differences  are  found 
when  we  come  to  consider  the  internal  structure.  The  mouth  does 
not  lead  at  once  into  a  spacious  undivided  enteric  cavity,  but  into 
a  short  tube  (ff^'l-),  having  the  form  of  a  flattened  cylinder,  which 
hangs  downwards  into  the  interior  of  the  body,  and  terminates  in 
a  free  edge,  produced  at  each  end  of  the  long  diameter  into  a 
descending  lobe  or /(7^j;jf(  (Ip.).  This  tahe  is  the  ffuJ/d  or  st(yiii.(>d^eiim, 
a  structure  we  have  already  met  with  in  the  Scyphozoa,  but  which 
here  attains  a  far  greater  size  and  importance.  Its  inner  surface  is 
marked  with  two  longitudinal  grooves  (A  and  B,  nm'h.).  placed  one 
at  each  end  of  the  long  diameter,  and  therefore  corresponding  with 
the  lappets:  they  are  known  as  the  gullet-grooves  or  sipAojtoy/jpAes. 
The  gullet  does  not  simply  hang  freely  m  the  enteric  cavity,  but 
is  connected  with  the  body-wall  by  a  number  of  radiating 
partitions,  the  complete  or  primary  ■me»enterits  {mts.  1) :  between 
these  are  incomplete  seamdari/  meaenterus  (mes.  S),  which  extend 
only  part  of  the  way  from  the  body-wall  to  the  gullet,  and 
lert  iai-y  meseniej-ifs  (mw-  3) ,  which  are  hardly  more  than 
ridges  on  the  inner  surface  of  the  body-walL  Thus  the  entire 
internal  cavity  of  a  Sea-anemone  is  divisible  into  three  regions: 
(I)  the  ^llct  or  st-omodectim,  communicating  with  the  exterior 
by  the  mouth,  and  opening  below  into  (2)  a  smgle  main  digestive 
cavity,  the  stuvieuA  or  vicscnicron,  which  gives  off  (3)  a  number  of 
radially  arranged  cavities,  the  inter-jHCserUeric  chambers  or  nietentera. 
It  is  obvious  that  we  may  compare  the  gullet  and  stomach  with 
the  similarly  named  structures  in  the  Scj-phu la-stage  of  Aurelia, ' 
and  the  mesenteries  with  the  gastric  ridges ;  indeed,  there  seems  to 
bo  little  doubt  that  these  structures  are  severally  homologous.  A 
further  correspondence  is  furnished  by  the  presence  of  an  aperture 
or  ostium  (eel.  J)  in  each  mesenterj-,  placing  the  adjacent  inter- 
mesenteric  chambers  in  direct  communication  with  one  another: 
in  Tealia  a  second  ostium  (osi.  i!)  is  present  near  the  outer  edge 
of  the   mesentery.     Moreover,   the   free  edge   of  the   mesentery 
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below  the  gullet  is  produced  into  a  curious  twisted  cord,  the 
vteseiiteric  JilavieiU  {mes. /.),  anav/enag  to  the  gastric  filaments  of 
the  Scyphozoa. 

The  general  arrangement  of  the  cell-layeri  is  the  same  as  in 
the  two  preceding  classes.  The  body-wall  (Fig.  125) — base,  column, 
and  disc— consists  of  a  layer  of  ectoderm  outside,  one  of  endoderro 
mthin,  and  between  them  an  intermediate  layer  or  meaoglffia, 
which  is  extremely  thick  and  tough.  The  gullet  (guL),  which,  like 
that  of  the  Scyphula,  is  an  in-tumed  portion  of  the  body-wall,  is 
lined  with  ectoderm,  and  its  outer  surface — i.e.  that  facing  the 
inter-mesenteric  chambers — is  endodermal.  The  mesenteries  (mes.) 
consist  of  a  supporting  plate  of  mesogloea,  covered  on  both  sides  by 


endoderm.  The  tentacles  (I)  are  hollow  out-pushings  of  the  disc, 
and  contain  the  same  layers. 

Mtuonlar  Ssritem.— Sea-anemones  perfonn  various  charac- 
teristic movements:  the  column  may  be  extended  or  retractwl.the 
tentacles  extended  to  a  considerable  length,  or  drawn  back  and 
completely  hidden  by  the  upper  end  of  the  colunm  being  folded 
over  them  like  the  mouth  of  a  bag;  the  gullet,  and  even  the 
mesenteries,  may  be  partially  everted  through  the  mouth ;  and 
lastly,  the  whole  animal  is  able,  ver}-  slowly,  to  change  its  position 
by  creeping  movements  of  its  ba.sc. 

These  movements  are  performed  by  moans  of  a  very  well- 
developed  set  of  nu^les.     A  mesentery  examined  from  the  surface 
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is  seen  to  be  traversed  by  definite  fibrous  bands,  the  two  most 
obvious  of  which  are  the  langitvdinal  or  retractor  mnscle  (Fig. 
124,  /.m.),  running  as  a  narrow  band  irom  base  to  disc,  and  the 
parietal  muscle  (p.m.),  passing  obliquely  across  the  lower  and  outer 
angle  of  the  mesentery.  Both  these  muscles  are  very  thick,  and 
cause  a  projection  or  bulging  on  one  side  of  the  mesentery, 
specially  obvious  in  a  transverse  section  (B.  Lm,) :  a  third  set  of 
fibres,  forming  the  transverse  mtiscle  (t.m.),  crosses  the  longitudinal 
set  at  right  angles,  but  is  not  specially  prominent.  The  longi- 
tudinal muscles  shorten  the  mesentery,  and  draw  the  disc 
downwards  or  towards  the  base,  thus  retracting  the  tentacles ;  the 
parietal  muscles  approximate  the  column  to  the  base,  and  the 
transverse  fibres  produce  a  narrowing  of  the  mesentery,  and  thus, 
opposing  the  action  of  the  longitudinal  muscles,  act  as  extensors  of 
tne  whole  body.  The  withdrawal  of  disc  and  tentacles,  during 
complete  retraction,  has  been  compared  to  the  closure  of  a  bag  by 
tightening  the  string,  and  is  performed  in  much  the  same  way,  the 
string  being  represented  by  a  very  strong  band  of  fibres,  the 
circuhr  or  ^hinder  mtiscle  (s.?w.),  which  encircles  the  body  at  the 
junction  of  the  column  and  disc. 

The  foregoing  muscles  can  all  be  seen  by  the  naked  eye,  or 
under  a  low  magnifying  power.  They  are  supplemented  by  fibres, 
only  to  be  made  out  by  microscopic  examination,  occurring  both  in 
the  body-wall  and  in  the  tentacles.  The  latter  organs,  for  instance, 
are  able  to  perform  independent  movements  of  extension  and  re- 
traction by  means  of  delicate  transverse  and  longitudinal  fibres. 

It  was  mentioned  above  that  the  thickness  of  the  longitudinal 
and  parietal  muscles  produces  a  bulging  on  one  surface  of  the 
mesenteries.  A  transverse  section  shows  that  the  arrangement  of 
the  mesenteries  and  of  their  muscles  is  very  definite  and  charac- 
teristic (Fig.  124,  B).  At  each  end  of  the  gullet,  opposite  the 
siphonoglyphe,  are  two  mesenteries  (d.  mes.\  having  their  longi- 
tudinal muscles  turned  away  from  one  another :  they  are  distin- 
guished as  the  directive  mesenteries,  and,  in  the  case  of  Tealia, 
there  are  two  cmiples  of  directive  mesenteries,  one  at  each  end  of 
the  long   axis  of  the   gullet.      Of  the   remaining    complete  or 

Srimary  mesenteries  there  are  four  couples  on  each  side  {vies,  i), 
iffering  from  the  directive  couples  in  having  the  longitudinal 
muscles  turned  towards  one  another.  The  secondary  and  tertiary 
mesenteries  {mes,  ^,  mes.  S)  are  also  arranged  in  couples,  and  in  all 
of  them  the  longitudinal  muscles  of  each  couple  face  one  another. 

Ssrmmetry. — It  will  be  noticed  that  Tealia,  unlike  the  typical 
hydrozoan  and  scyphozoan  poh'pes,  presents  a  distinct  bilateral  sfjm- 
mctry,  underlying,  as  it  \vere,  its  superficial  radial  symmetry.  It 
is  divisible  into  equal  and  similar  halves  by  two  planes  only,  viz.  a 
vertical plaiu  taken  through  the  long  diameter  of  the  gullet,  and  a 
transverse  plane  taken  through  its  short  diameter. 
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The  general  mlcroicopfc  itractnre  of  a  Sea-anemone  is  well 
shown  by  a  section  through  a  tentacle  (Fig.  126).  Both  ectoderm 
{eel )  and  endoderm  (end )  consist  mainly  of  very  long  colunmar, 
ciliated  epithelial  cells  and  the  mesoglcea  (msgl.)  is  not  onlv  ex- 
tremel}  thick  but  has  the  general  characters  of  connective  tissue, 
being  traversed  by  a  network  of  delicate  fibres  with  interspersed 
cells.  The  middle  layer  has,  in  fact,  ceased  to  be  a  mere  gelatino» 
supporting  lamella  or  inesogltea,  and  has  assumed,  to  a  far  greater 
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extent  than  in  any  of  tht  lower  groups,  the  characters  of  an  inter- 
mediate cell  la^tr  or  m  m  h  -in. 

Stinging  capsules  occur  in  the  cctodomi,  and  nro  also  very 
abundant  in  the  mesenttnc  tilaincnts.  They  (Fig.  1'27)  n-sfmblo 
in  general  chancttrs  the  nematocysts  of  Hydrozoa,  but  are  of 
a  more  elongated  form,  and  the  thread  is  usually  provide*!  at 
the  base  with  verj-  numerous  slender  barbs  (B).  Vcrj-  fre- 
quently the  coiled  threa<l  is  readily  seen  in  the  undischarged 
capsule  (A).  Gland-cells  (Fig.  128,  fff.)  are  very  abun<lant 
in  the  ectodermal  lining  of  the  gullet  and  in  the  mesentiric 
filaments:  the  latter  or-  tnlnbed  in  section,  and  the  glan<l- 
cella  are  confined  to  the  middle  jxirtion,  the  lateml  divisions 
VOL  I.  N 
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being  invested  with  ordinary  ciliated  cells  (c).  In  virtue  of 
possessing  both  stinging-capsules  and  gland-cells,  the  mesenteric 
filaments  perform  a  double  function.  The  animal  is  very  voracious, 
and  is  able  to  capture  and  swallow  small  Fishes,  Molluscs,  Sea- 
urchins,  &c  The  prey  is  partly  paralysed,  before  ingestion,  by  the 
nematocj-Hts  of  the  tentacles,  but  the  process  is  completed,  after 
swallowing,  by  those  of  the  mesenteric  filaments.  Then  as  the 
captured  animal  lies  in  the  stomach,  the  edges  of  the  filaments 
come  intu  close  contact  with  one  another  and  practically  surround 


i 


it,  pouring  out,  at  the  same  time,  a  digestive  juice  secreted  by  their 
gland-cells. 

The  muscles  described  above  consist  partly  of  spindle-shaped 
nucleated  fibres,  and  partly  of  muscle -processes,  like  those  of 
Hydra :  the  latter  occur  chiefly  in  the  transverse  muscular  layer  of 
the  tentacles  and  are  endodermal,  the  longitudinal  layer  is  formed 
of  distinct  fibres  of  ectodermal  origin  :  the  great  muscles  of  the 
mesenteries  are  of  course  endodermal.  Although  always  derived 
either  from  the  ectoderm  or  endoderm,  many  of  the  muscle-fibres 
of  Tealia  undergo  a  remarkable  change  of  position  by  becoming 
sunk  in  the  mesoglcea,  and  thus  appearing  to  belong  to  that 
layer  (Fig.  126, 1,  m.).     This  fact  is  significant   from  the 
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stance  that,  as   we    shall    see,  the  muscles  of  all  animals  above 
Coelenterata  are  mesodermal  structures. 

The  nervous  ByBtem  is  very  simple.  It  consists  of  a  layer  of 
delicate  fibres  lying  between  the  epithelial  and  muscular  layers  of 
the  ectoderm.  Among  the  fibres  are  found  nerve-cells  (Fig.  126, 
nv.c),  often  of  large  size,  and  occurring  chiefly  in  the  disc  and 
tentacles.  Thus,  as  in  the  polype-forms  previously  described,  the 
nervous  system  is  in  a  generalised  condition,  and  shows  no  con- 
centration into  a  definite  central  nervous  system  such  as  occurs 
in  Medusae. 

Reproductive  organs. — Sea-anemones  are  dioecious,  the  sexes 
being  lodged  in  distinct  individuals.  The  gonads — ovaries  or  testes 
— are  developed  in  the  substance  of  the  mesenteries  (Fig.  124,  gon,\ 
a  short  distance  from  the  edge,  and,  when  mature,  often  form  very 
noticeable  structures.  The  reproductive  products  are  obviously,  as 
in  the  Scyphozoa,  endodermal.  The  sperms,  when  ripe,  are  dis- 
charged into  the  stomach  and  escape  by  the  mouth  :  they  are 
then  carried,  partly  by  their  own  movements,  partly  by  ciliary 
action,  down  the  gullet  of  a  female,  where  they  find  their  way 
to  the  ovaries  and  impregnate  the  eggs. 

The  development  of  Sea-anemones  resembles,  in  its  main  features, 
that  of  Scj'phozoa.  The  oosperm  undergoes  more  or  less  regular 
division,  the  details  differing  considerably  in  individual  cases,  and 
becomes  converted  into  a  plamda,  an  elongated  ovoidal  body  with 
an  outer  layer  of  ciliated  ectoderm,  and  an  inner  layer  of  large 
endoderm  cells,  surrounding  a  closed  enteric  cavity,  usually  filled 
with  a  mass  of  yolk,  which  serves  as  a  store  of  nutriment. 

In  this  condition  the  embryo  escapes  from  the  parent,  through 
the  mouth,  swims  about  for  a  time,  and  then  settles  down,  becom- 
ing attached  by  its  broader  or  anterior  end.  At  the  opposite  or 
narrow  end  a  pit  appears,  the  rudiment  of  the  stomodteum  ;  this 
deepens  and,  its  lower  or  blind  end  becoming  perforated,  effects  a 
commimication  with  the  enteron. 

The  mesenteries  are  developed  in  regular  order,  but  in  a  way  which  would 
•certainly  not  l)e  suspected  from  their  arrangement  in  the  adult.  First  of  all,  a 
single  pair  of  mesenteries  (Fig.  129,  A,  1)  gi-ow  from  the  l)ody-wall  to  the  gullet, 
being  situated  one  on  each  side  of  the  vertical  plane,  at  right  angles  to  the  long 
diameter  of  the  stomoda^um,  and  near  one  end  of  that  tube.  The  enteron  thus 
becomes  di\n<led  into  two  chaml)ers,  a  larger  or  (lor/*nl  and  a  smaller  or  cinfraly 
and  the  embryo  acquires  a  distinct  bilateral  sjTnmetry.  Xext  a  pair  of  mesen- 
teries {2)  appear  in  the  dorsal  chamber,  dividing  it  into  a  median  and  two  lateral 
compartments  ;  then  a  third  pair  (3)  in  the  ventral  chaml)er,  producing  a  similar 
dlTision ;  then  a  fourth  pair  {4)  in  the  middle  compartment  of  the  dorsal 
chamber ;  then  a  fifth  pair  (B,  6)  in  the  lateral  coniiKirtinents  of  the  <lorsal 
chamber ;  and  a  sixth  {6)  in  the  lateral  compartments  uf  the  ventral  chaml)er. 
Soon  the  longitudinal  muscles  are  develoi)eil,  and  the  fate  of  these  primitive 
pairs  of  meseutenes  can  be  seen.  The  third  and  fourth  })airs  become  the  two 
directive  couples  of  the  adult  ;  another  couple  of  primary  mesenteries  is  consti- 
tuted, on  each  side  of  the  vertical  plane,  bv  one  of  tho  mesenteries  of  the  tirst 
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and  one  of  the  sixth  pair  ;  a  third  couple  is  similarly  formed  by  a  mesentery  of 
the  second  and  one  of  the  fifth  pair.  Thus  it  is  only  in  the  case  of  the  directive 
mesenteries  that  an  adult  couple  coincides  with  an  embryonic  pair  :  in  other 


stcL 


Fio.  129.— Transrene  sections  of  early  (A)  and  later  (B)  stages  of  an  embryo  Sea-anemone 
(Actinia.)  The  mesenteries  are  numbered  in  the  order  of  their  development ;  std.  stomo- 
a»um.    (Alter  Korschelt  and  Heider.) 

instances  the  two  mesenteries  of  a  couple  are  of  different  orders,  belonging 
to  distinct  embryonic  pairs. 

The  tentacles  are  developed  in  a  somewhat  similar  order.  The  first  to  make 
its  appearance  is  connected  with  the  larger  or  dorsal  enteric  chamber  mentioned 
above  :  for  some  time  it  remains  much  longer  than  any  of  its  successors,  and 
thus  accentuates  in  a  marked  degree  the  bilateral  symmetry  of  the  embryo. 

It  will  be  noticed  that  the  development  of  the  Sea-anemone  is 
accompanied  by  a  well-marked  metamorphosis,  but  that  there  is  no 
alternation  of  generations.  In  this  respect  its  life-histor}'  offers  a 
marked  contrast  with  that  of  Obelia  or  of  Aurelia. 


2.  Distinctive  Characters  and  Classification. 

The  Actinozoa  are  Coelenterata  which  exist  only  in  the  polj-pe- 
form,  no  medusa-stage  being  known  in  any  member  of  the  class. 
The  actinozoan  differs  from  the  hydrozoan  pol^-pe  mainly  in 
possessing  a  stomodanim  the  relative  size  and  physiological 
importance  of  which  are  far  greater  than  in  the  Scyphozoa,  the 
first  group  in  which  this  structure  is  met  with :  it  differs  from 
both  hyarozoan  and  scyphozoan  polypes  in  the  possession  of 
mesenteries  or  vertical  nidiating  partitions,  which  extend  inwards 
from  the  body- wall,  and  in  some  cases  join  the  stomodanim.  The 
free  margins  of  the  mesenteries  bear  coiled  mesenteric  filaments, 
which  appear  to  answer  to  the  gastric  filaments  of  Scyphozoa,  but 
may  be  partly  ectodermal  in  origin.     The  mesenteries  are  developed 
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in  pairs  symmetrically  on  each  side  of  a  vertical  plane :  their  final 
radial  position  is  secondary. 

The  body-wall  consists  of  ectoderm  and  endoderm  separated  by 
a  stout  mesogloea  containing  fibres  and  cells.  The  stomodaeum 
consists  of  the  same  layers  reversed — i.c,  its  lining  membrane  is 
ectodermal.  The  mesenteries  are  formed  of  a  double  layer  of 
endoderm  with  a  supporting  plate  of  mesogloea.  Nematocysts, 
frequently  of  a  more  complex  form  than  those  of  Hydrozoa  and 
Scj'phozoa,  are  present  in  the  tentacles,  body-wall,  stomodaeum, 
and  mesenteric  filaments.  The  muscular  system  is  well  developed, 
and  contains  both  ectodermal  and  endodennal  fibres  and  endo- 
dermal  muscle-processes.  The  nervous  system  consists  of  irregu- 
larly disposed  cells  and  fibres ;  there  is  no  concentration  of  these 
elements  to  form  a  central  nervous  svstem. 

The  gonads  are  developed  in  the  mesenteries,  the  sex-cells  are 
endodennal,  and  the  ripe  sexual  products  are  discharged  into  the 
enteron.  The  impregnated  egg  develops  into  a  planula,  which,  after 
a  short  free  existence,  settles  down  and  imdergoes  metamorphosis 
into  the  adult  form.  Except  in  one  doubtful  instance  there  is  no 
alternation  of  generations. 

In  some  Actinozoa  the  animal  remains  simple  throughout  life, 
but  in  most  members  of  the  class  an  extensive  process  of  budding 
takes  place,  the  result  being  the  fonuation  of  colonies  of  very  various 
form  and  often  of  great  size.  Some  kinds,  again,  resemble  Tealia 
in  having  no  hard  parts  or  skeletal  structures  of  any  kind;  but  the 
majority  possess  a  skeleton,  formed  either  of  carbonate  of  lime  or 
of  a  horn-like  or  chitinoid  material,  and  devcloi)ed,  in  most  cases 
though  not  in  all,  from  the  ectodenn. 

The  Actinozoii  are  classified  as  follows  : — 

Sub-Class  I. — Zoantharia. 

Actinozoa  in  which  the  tentacles  and  mesenteries  are  usually 
ver}'  numerous  and  are  arranged,  as  a  rule,  in  uuiltiples  of  i\y{}  or 
six.  The  tentacles  are  usually  simj>le,  uubninchcnl,  hollow  cones. 
There  are  commonly  two  siphonoglyphes  and  two  piirs  of  directive 
mesenteries :  the  remaining  mesenteries  are  usually  arrangiKl 
in  couples  with  the  longitudinal  muscles  of  each  couple  facing  one 
another. 

Order  1. — Actiniaria. 

Zoantharia  which  usually  remain  simple,  but  in  a  few  instances 
form  small  colonies.  The  tentacles  and  nusontt'rirsarenumemus, 
and  there  is  no  skeleton.     This  order  inchuks  tlu'  Sea-anemones. 

Order  2. — Madrei»<>karia. 

Zoantharia  which  resombK*  the  Actiniaria  in  the  *(eneral 
structure  of  the  soft  jKirts,  but  which  usually  form  colonies,  and 
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always  possess  an   ectodermal  calcareous    skeleton.     This  order 
includes  the  vast  majority  of  Stony  Corals  (Figs.  133  and  143). 

Order  3. — Antipatharia. 

Compound,  tree-like  Zoantharia  in  which  the  tentacles  and 
mesenteries  are  comparatively  few  (6 — 24)  in  number.  A  skeleton 
is  present  in  the  form  of  a  branched  chitinoid  axis,  developed  from 
the  ectoderm,  which  extends  throughout  the  colony.  This  order 
includes  the  "  Black  Corals  "  (Fig.  137). 

Sub-Class  II. — Alcyonaria. 

Actinozoa  in  which  the  tentacles  and  mesenteries  are  always 
eight  in  number.  The  tentacles  are  pinnate,  i.e.  produced  into 
symmetrical  branchlets.  There  is  never  more  than  one  siphono- 
glyphe,  which  is  ventral  in  position,  i.e.  faces  the  proximal  end  of 
the  colony.  The  mesenteries  are  not  arranged  m  couples,  and 
their  longitudinal  muscles  are  all  directed  ventrally,  i.e.  towards  tho 
same  side  as  the  siphonogljrphe. 

Order  4. — Alcyonacea. 

Alcyonaria  in  which  the  skeleton  usually  consists  of  calcareous 
spicules  or  small  irregular  bodies,  found  in  the  mesoglcea,  but 
probably  originating  from  wandering  ectoderm  cells.  The  common 
*'  Dead  men  s  fingers  "  {Alcyonium,  Fig.  140)  has  a  skeleton  of  this 
type.  In  some  cases  the  spicules  become  aggregated  so  as  to  pro- 
duce a  coherent  skeleton,  which  may  form  a  branched  axis  to  the 
whole  colony,  as  in  the  precious  Red  Coral  (Corallium,  Fig.  132), 
or  a  series  of  connected  tubes  for  the  individual  polypes,  as  in 
the  Organ-pipe  Coral  {TuUpora,  Fig.  135).  In  the  "  Bhie  Coral " 
(Ifeliopora)  the  skeleton  is  a  massive  ectodermal  structure  resem- 
bling that  of  the  Madreporaria.  Most  genera  are  compound ;  a 
few,  such  as  Hartea  (Fig.  131),  are  simple. 

Order  5. — Gorgonacea. 

Compound  tree-like  Alcyonaria,  with  a  calcareous  or  homy 
skeleton  of  ectodermal  origin  forming  a  branched  axis  throughout 
the  colony.  Spicules  Jire  present  in  the  mesoglcBa.  There  is  no 
siphonoglyphe.  The  beautiful  **  Sea-fans "  belong  to  this  group 
(Fig.  141). 

Order  6. — Pennatulacea. 

Alcyonaria  in  which  the  colony  is  usually  elongated,  and  has 
one  end  embedded  in  the  mud  at  the  sea-bottom,  while  the 
opposite   or  distal   end   beai-s    the    pol}7>es,   usually   on    lateral 
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branches.  The  stem  is  supported  by  a  calcareous  or  homy 
skeleton.  The  polypes  are  dimorphic.  The  "  Sea-pens"  (Pennatula) 
are  the  commonest  members  of  this  group  (Fig.  134). 

Systematic  Position  of  the  Example, 

Tealia  crassicomis  is  one  of  several  species  of  the  genus 
TecUia:  it  belongs  to  the  femily  TcalidXy  which,  with  several 
other  families,  make  up  the  tribe  Hcjcactinico,  of  the  order 
Actiniaria,  of  the  sub-class  Zoantluiria, 

The  presence  of  numerous  tentacles,  arranged  in  multiples  of 
five,  places  it  at  once  among  the  Zoantharia.  The  fact  that  it  is 
simple  and  devoid  of  a  skeleton  causes  it  to  be  assigned  to  the 
Actiniaria.  This  order  is  divided  into  tribes  characterised  by 
diflFerences  in  the  arrangement  of  the  mesenteries,  especially  by 
the  presence  of  one  or  two  couples  of  directive  mesenteries,  and 
by  the  direction  in  which  the  longitudinal  muscles  are  turned. 
In  the  Hexactiniae  the  mesenteries  are  all  arranged  in  couples 
with  the  longitudinal  muscles  of  each  turned  towards  one  another, 
except  in  the  case  of  the  two  directive  couples.  The  mesenteries 
are  in  multiples  of  five,  and  the  stomodaeum  has  two  siphonoglj^hes 
and  two  lappets. 

The  &mily  Tealidae  is  characterised  by  the  possession  of 
numerous  mesenteries,  tentacles  of  moderate  length,  which  are 
completely  covered  by  the  closed-in  disc  during  retraction,  and 
by  the  presence  of  a  large  endodermal  sphincter  muscle.  The 
genus  Tealia  is  distinguished  from -other  members  of  the  same 
nunily  by  being  broader  than  high,  by  having  numerous  retractile, 
equal-sized  tentacles,  and  by  the  presence  of  longitudinal  series 
of  warts  on  the  column.  The  species  crassicornis  is  distinguished 
from  other  species  of  the  genus  by  the  warts  being  of  apj)roxi- 
mately  equal  size. 

3  General  Organisation. 

The  chief  variations  in  the  external  form  of  the  Actinozoa  are 
due  to  the  diverse  modes  of  budding :  as  we  shall  see,  the  structure 
of  the  individual  polj-pes  or  zooids  is  remarkably  uniform — at 
least  as  regards  all  the  essentials  of  their  organisation. 

Nearly  all  the  Actiniaria  or  Sea-anemoni's  are  sinij)le,  and,  in  the 
few  instances  where  colonies  are  fonned,  these  are  usually  small, 
and  contain  a  very  limited  number  of  zooi<ls.  In  Zonnthus 
(Fig.  130),  for  instance,  the  original  polype  sends  owi  a  horizontal 
blanch  or  stolon  (.s^.),  from  which  new  polypes  arise.  Besi<les  the 
Sea-anemones  the  only  simple  forms  are  certain  Madri'])orarian 
corals,  such  as  FlnheUvm  (Fig.  142,  A,  B),  and  three  genera  of 
Alcyonacea,  of  which  Hartca  (Fig.  131)  may  be  taken  as  an 
example. 


The  simplest  mode  of  budding 
thus,  in  which  new  zooids 


that  just  described  in  Zoan- 
nrom  a  narrow  band-like 
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or  tubular  stolon  (Fig.  130,  si.).  A  more  usual  method  resembles 
that  we  are  already  familiar  with  in  Hydrozoa,  new  buds  being 
formed  as  lateral  outgrowths, 
and  a  tree-like  colony  arising 
with  numerous  zooids  spring- 
ing from  a  common  stem  or 
ccenosarc.  Corallium  and  Gor- 
gonia  (Figs.  132  and  141)  are 
good  examples  of  this  type  of 
growth.  In  other  cases  the 
buds  grow  more  or  loss  paral- 
lel with  one  another,  producing 
mas.sive  colonics  either  of  close- 
sot  zooids  or  of  zooids  separ- 
ated by  a  solid  ccenosarc.  As 
examples  of  this  type  we  may 
take  Pabjthoa,  the  most  com- 
plex of  the  Actiniaria,  and 
many  of  the  common  Matlre- 
poraria,  such  as  Astr(ra  (Fig. 
133).  In  the  Sea-pens  (PejiMrt- 
talacea)  the  jjroximal  end  of 
the  elongated  colony  (Fig. 
134)  is  sunk  in  the  mud,  and 
the  distfll  end  bi-ai-s  zooids 
springing  either  directly  from 


the  Oigan-pipe 


11  PHYLUM  CCELENTERATA  185 

the   ccenosarc   or,  as  in  Fcnnalala  itself,  from   flattened   lateral 
branches. 

A  very  peculiar  mode  of  budding  occurs  ii 
Coral  {Tiibipwa).  The  base  of  the  original 
pol^-pe  (Fig.  135)  grows  out  into  a  flattened 
expansion  from  which  new  polypes  arise, 
diverging  slightly  from  one  another  as  they 
grow,  and  separated  by  tolerably  wide  inter- 
vals. The  distal  ends  of  the  polypes  then 
grow  out  into  horizontal  expansions  or  plat- 
forma  {pL),  formed  at  first  of  ectoderm  and 
mesogl^ea  only,  but  finally  receiving  prolonga- 
tions of  the  ondoderm.  The  platforms  extend, 
come  in  contact  with  one  another,  and  fuse. 
In   this   way   platforms   of   considerable    ex-  lui") 

tent  are  formed  (A,  )tl.),  uniting  the  polypes 
with  one  another.  From  the  upper  surfaces  of  the  platforms, 
between  the  older  pol^-pes,  new  buds  arise,  and  in  this  way 
the  colony  tends  to  assume  the  form  of  an  inverted  pjTamid, 
the  number  of  zooids,  and  consequently  the  diameter  of  the 
colony,  increasing  ^^-i  jmssti  with   the  vertical  growth   of  the 
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latter.  The  skeleton  of  this  romarkabli>  con\]  will  be  rcfenwl  to 
hereafter. 

Although  the  gi'neral  ttructure  of  the  individual  polypei 

of  the  Actinozoa  is.  as  mentioned  above,  very  iniifi'nii.  the  varia- 
tions in  detail  an;  nnm.Tous  and  inti-nstiug,  is|wciuliy  among 
the  Actiniaria.  On'.'  of  thi-  most  impurtaiii  ]ii)iiit.'i  to  cunsider 
is  the  arraniifmnit  of  ilir  mmfntcrii^.  In  K'hroiihin  (F'itr.  KH)). 
a  genus  which   burrows  in  sand,  instwul  of  attai-hing  itself  to 
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rocks,  &c.,  there  are  only  eight  mesenteries  (B),  the  usual  two 
couples  of  directives,  and  two  others  on  each  side  of  the  vertical 
plane,  having  their  longitudinal  muscles  directe<l  ventrally,  and 
therefore  not  arranged  in  couples.  The  adult  Edwardsia  thus 
corresponds  with  a  temporan'  stage  in  the  development  of  one  of 
the  more  typical  sea-anemones,  viz.,  the  stage  with  eight  mesen- 
teries shown  in  Fig.  129,  A;  it  is  probably  to  be  looked  upon  as 
the  most  primitive  or  generalised  member  of  the  order.  In 
ZoarUhm  (Fig.  130,  B)  the  dorsal 
directives  {d.d.)  do  not  reach  the 
gullet,  and  each  lateral  couple  con- 
sists of  one  perfect  and  one  small 
and  imperfect  mesentery.  In  Ceri- 
anthus,  another  burrowing  form, 
there  is  a  couple  of  very  small 
ventral  directives,  and  the  remain- 
ing mesenteries  are  ven^  numerous, 
not  arranged  in  couples,  and  all 
directed  ventrally  at  their  outer 
ends,  so  as  to  have  a  very  obviously 
bilateral  arrangement :  in  this  genus 
as  growth  proceeds,  new  mesen- 
teries are  added  on  the  dorsal  side, 
and  not,  as  is  usual,  between  already 
formed  couples.  On  the  other  hand, 
the  newly  discovered  Gyradis  ex- 
hibits a  perfectly  radial  arrange- 
ment :  the  mesenteries  are  all 
arranged  in  couples  with  the  longitudinal  muscles  facing  one 
another.  Lastly,  in  all  the  mon^  typical  Sea-anemoues  ( forming 
the  tribe  If  exact  ini(v)  there  are  either  six,  eight,  or  ten  j^uiii-s  of 
perfect  mesenteries,  which,  as  well  as  the  secondary  and  tertiary 
cycles,  are  all  arranged  in  couples,  the  longitudinal  muscles  of 
all  but  the  one  or  two  directive  couples  flicing  one  another. 

In  the  Madreporaria  the  mesenteries  are  armngo<l,  so  far  as  is 
known,  in  the  way  just  described  for  the  Hexaotinia\  In  the 
Antipatharia  there  are  six  })riniarv,  and  sometimes  I'ithrr  tour  or 
six  8econdar\%  mesenteries.  In  the  whole  of  the  Alcvonaria  the 
mesenteries  are  eight  in  number:  they  are  not  arrauijed  in 
couples,  and  their  longitudinal  muscles  are  all  turned  the  s;ime 
way,  viz.,  towards  the  ventral  aspect  (Fig.  1*^5,  B).  In  this 
whole  sub-class,  therefore,  the  resemblance  to  Edwanlsia  is  verv 
close,  the  main  difterence  lanng  that  the  Iongitu<Unal  muscles 
of  the  ventral  directives  are  turned  inwaitls  in  the  Alcvijuaria, 
outwards  in  Edwardsia. 

The  tentacles  in  Zoimtharia  are  usually  verv  numerous,  and  in 
nearly  all  cases  have  the  form  of  simple  glove-tinger-like  out- 
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pushing-  of  the  disc.  In  Edwardsia,  however,  they  may  be 
reduced  to  sixteen,  and  in  some  genera  of  Sea-anemones  they  are 
branched.  In  the  Antipatharia  (Fig.  137)  they  vary  in  number 
from  six  to  twenty-four.  In  the 
Alcyonaria  on  the  other  hand,  the 
tentacles,  like  the  mesenteries,  are 
eight  in  number  and  are  always 
pinnate,  i.e.  slightly  flattened  and 
with  a  row  of  small  branchlets 
along  each  edge  (Fig.  131).  Many 
Actiniaria  have  the  tentacles  per- 
forated at  the  tip(Fig.  125,A,  p.), 
and  in  some  species  these  organs 
undergo  degeneration,  being  re- 
duced to  apertures  on  the  disc, 
which  represent  the  terminal 
IX)re3  of  the  vanished  tentacles, 
and  are  called  stcmidia. 

Many  Sea-anemones  possess 
curious  organs  of  otfence  called 
acontia  (Fig,  125,  A,  and  Fig.  144, 
flf.).  These  are  long  delicate  threads  spnnging  from  the  edges 
of  the  mesenteries :  they  are  londe<i  with  nematocysts,  and  can 
be  protruded  through  minute  ajiertures  in  the  column,  called 
'■  port-holes  "  or  ciiiclides  {en). 

KDterlc  Syiteni. — The  ij^tikt  in  the  Actiniaria  presents  some 
remarkable  modifications.  It  is  usually  a  compressed  tube  with 
two  siphonoglyphes,  but  in  Zoanthus  and  some  other  genera  the 
ventral  gullet-groove  alone  is  present  (Fig.  130,  B),  and  inGjTactis 
both  grooves  are  absent,  and  the  tube  itself  is  cylindrical  with  a 
circular  mouth.  The  ordinary  compressed  form  of  gullet  often 
assumes,  in  the  position  of  rest,  a  a-shaped  transverse  section, 
owing  to  its  walls  coming  together  in  the  middle  and  leaving  the 
two  ends  wide  open.  In  a  dec])-sea  form,  Hakumpoidts,  there  is  a 
longitudinal  partition  dividing  the  stomodieum  into  dorsal  and 
ventnil  tubes,  the  latter  of  which  is  said  to  serve  for  the  egestion 
of  wast*'  matters,  and  so  act  as  an  intestine.  In  some  fonns  the 
bluntly-pointed  proximal  or  alxiral  end  of  the  bixly  is  perforated  by 
a  small  aperture  which  seeius  to  serve  as  an  anus.  In  two  i-eccntly 
dfseribed  genera,  Ffiijii  (Fig.  138>  and  ^Eijir.  a  very  remarkable 
mixiifioation  is  described  :  the  gullet  is  continued  to  the  aboral 
end,  when  it  ojH'ns  on  the  extenur  by  an  anus  {a,),  thus  forming 
a  complete  digestive  tube.  By  this  arningement  the  inter- 
mesi'niei'ic  chambers  an.-  shut  oli'  from  all  communication  with  the 
digestivi-  iuIm.',  and  together  constitute  a  cavity  stimmnding  the 
latter  aitd  ivminding  us  of  the  biwly-cavity  met  with  in  most  of 
tile    liijjh.'r    aniuials.       In    Fenja  ea'.'h   iutei-'mesenterie   chamber 
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communicates  separately  with  the  exterior  by  an  apertiiri!  near 
the  amis,  through  which  the  genital  products  escape. 

nxed  and  nree  Fomu. — A  large  proportion  of  Actiunzoa  are 
permanently  fixed,  such,  for  instance,  as  most  of  the  Stony  Corals, 


Uia  bod^'ViiU  diF  [dcd  lougitudhuilly 


the  Sea-fans,  Black  Corals,  &c.  Most  Sea-anemones  are  tem])onirily 
attached  by  the  base,  but  are  able  slowly  to  change  their  |H>sitioR : 
some  fonns,  such  as  EdumnUm  (Fig.  130)  and  Cirianlhus,  usually 
live  partly  buried  in  sand  enclosed  in  a  tube  funned  of  discharged 
stinging-capsules,  the  oral  end  with  its  crown  of  tentacles  alone 
being  exposed  :  others,  such  as  I'eucMa  and  Fciijn,  live  an  actually 
free  life,  habitually  lying  on  the  sea-bottom  with  the  lon^ritudinal 
axis  horizontal  like  that  of  a  worm  :  a  few,  such  as  .l/iH^K.^  { Fig.  i:i9), 
liave  the  aboral  end  dilated  into  a  sac  containing  air  and  ki  rving 
as  a  float ;  by  its  means  these  animals 
can  swim  at  the  surface  of  the  st^'a,  and 
are  thus,  alone  among  the  .\ctinozo!t, 
pelagic. 

DlmoTphUin. — With  the  exception  of 
one  genus  of  Stony  Oomis,  the  Zoantharia 
are  all  homomoqihic,  i.e.  there  is  no  <lif- 
ferentiation  of  the  zouids  of  u  colony.  But 
in  the  Alcyonaria  dimoqihistn  is  coiomnn : 
the  ordinary  zooids  or  |Milyin-s  an'  ac- 
companied by  smalli:r  individuals,  ca)l<,-d 
»iphonozoouh  (Fig.  13+.  s.).  having  no  ti 
muscles,  or  gonads. 

None  of  the  Actiniaria  have  a  tnu-  ikeleton :  in  -uhk-.  how- 
ever, there  is  a  thick  cuticle,  and  scv.t-.iI  kinds  t-ncl'is.-  [hi-msihvs 
in  a  more  or  loss  complete  lube  (Fig.  13l!|,  which  may  l»-  largely 
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formed  uf  diatharged  nematocyats.  The  simpiest  fonn  of  skeleton 
is  found  in  ihe  solitary  Alcyonarian  genus  Sarka  (Fig.  i;jl ).  already 
referred  to,  in  which  minute  irregular  deposits  of  calcium  carbonate, 
called  spiatles  (sp.),  are  deposited  in  the  mesoderm.  A  similar 
mKultir  skelttmi  occars  in  the  "Dead-men's  fingers"  (Alcyonium, 
Fig,  140),  where  spicules  of  varying  form  are  found  distributed 
throughout  the  mesoderm  of  the  ctfinosarc.  Id  Tuhipora  (Fig.  135), 
the  "  Organ-pipe  Coral,"  the  mesodGrmal  spicules  become  closely 
fitted  together,  and  form  a  continuous  tube   for  c-ach  polype,  the 
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tubes  being  united  by  horizontal  calcareous  platforms  (jd.)  formed 
by  deposits  of  spicules  in  the  e-tpansions  of  the  same  name  already 
referred  to.  Tne  skeleton  of  Tubipora  is,  therefore,  an  internal 
skeleton,  and  in  the  living  state  is  covered  by  ectoderm.  In  the 
Red  Coral  of  commerce  (Corallinm,  Fig.  132)  the  originally  separate 
spicules  are  embedded  in  a  cement-like  deposit  of  carbonate  of 
lime,  the  result  being  the  production  of  on  extremely  hard  and 
dense  branched  rod,  which  extends  as  an  axis  through  the  ccenosarc. 
Another  type  of  skeleton  is  found  in  the  Antipatnaria  (Fig.  137) 
and  in  the  Gorgonacea  (Fig.  l-ll).  It  also  consists  of  au  axial  rod, 
extending  all  through  the  colony  and  branching  with  it,  but  is 
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formal  of  a  black  hom-liki?  materiaL  Moreover  it  is  not  meso- 
dermal, but  ectodermal  in  origin :  in  close  ctntact  with  it  is  an 
epithelium,  from  the  cells  of  which  it  is  produced  as  a  cuticular 
secretion,  and  this  opithelinm  is  formed  as  an  invagination  of  the 
base  of  the  colony.  In  addition  to  its  axiti,  Goi^nia  contains 
\  spicules  in  the  mesoderm  of  the  coenosarc.    In  some 


of  the   Gorgonacea   the   axial   skeleton   is   piirtlv   homy,   piirtly 
calcareous. 

In  the  Sea-pen  (Pciiiidfi'lc,  Fig.  i:U>  an<I  its  allies  the  stem  of 
■the  colony  k  STii)ported  by  a  horny  axis  which  is  unbrimchi-d,  not 
extending  into  the  latfml  branches.  In  this  ca-io  the  axis  is 
coDtaineu  in  a  closi-d  cavity  lined  by  an  epitheliimi.  the  origin  of 
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which  is  still  uncertain.     Spicules  occur  in  the  mesoderm,  some  of 
them  microscopic,  others  readily  visible  to  the  naked  eye. 

In  the  Madreporaria  we  have  a  skeleton  of  an  entirely  different 
type,  consisting,  in  fact,  of  a  more  or  less  cup-like  calcareous 
structure,  secreted  from  the  ectoderm  of  the  base  and  column  of 
the  polypa  When  formed  by  a  solitary  polype,  such  a  '*  cup- 
coral  "  is  known  as  a  corallite :  in  the  majority  of  species  a  large 
number — sometimes  many  thousands — of  corallites  combine  to 
form  a  corallum,  the  skeleton  of  an  entire  coral-colony. 

The  structure  of  a  corallite  is  conveniently  illustrated  by  that 
of  the  solitary  genus  Flahellum  (Fig.  142,  A,  B).  It  has  the  form 
of  a  short  conical  cup,  much  compressed  so  as  to  be  oval  in  section. 
Its  wall  or  ttieca  (th.)  is  formed  of  dense  stony  calcium  carbonate, 
white  and  smooth  inside,  rough  and  of  a  brownish  colour  outside, 
except  towards  the  margin,  where  it  is  white.  Its  proximal  or 
aboral  end  is  produced  into  a  short  stalk  or  peduncle,  by  which  the 
Coral  is  attached  in  the  young  state,  becoming  free  when  adult : 
in  many  other  simple  Corals  there  is  no  stalk,  but  attachment  to 
the  support  is  effected  by  means  of  a  flattened  proximal  surface 
or  basal  plate  (C,  h,  pL).  From  the  inner  surface  of  the  theca  a 
number  of  radiating  partitions,  the  septa  (sep.\  proceed  inwards  or 
towards  the  axis  of  the  cup,  and,  like  the  mesenteries  of  a  polype, 
are  of  several  orders,  those  extending  furthest  towards  the 
centre  being  called  primary  septa,  the  others  secondary,  tertiary, 
and  so  on.  Towards  the  bottom  of  the  cup  the  primary  septa 
meet  in  the  middle  to  form  an  irregular  central  mass,  the  columella 
(coL),  In  some  Corals  the  columella  is  an  independent  pillar-like 
structure  arising  from  the  basal  plate  (D,  coL), 

In  many  Corals  there  is  a  distinct  calcareous  layer  investing  the 
proximal  portion  of  the  theca,  and  called  the  cjnthcca  (C,  e.th.).  Some 
species  have  the  inner  portions  of  the  septa  detached  so  as  to  form 
a  circlet  of  narrow  upright  columns,  the  pali.  In  others  there  are 
horizontal  partitions  or  dissejnnicnts  passing  from  septum  to  septum, 
and  in  others,  again,  complete  partitions  or  tahulw,  like  those  of 
Millepora  (p.  145),  extending  across  the  whole  corallite.  In  the 
Mushroom-coral  {Fungia\  the  corallite  is  discoid,  the  theca  is  con- 
fined to  the  lower  surface,  and  small  calcareous  rods,  the  si/napticid^r,^ 
connect  the  septa  with  one  another. 

In  the  living  condition  the  polype  fills  the  whole  interior  of  the 
corallite  and  projects  beyond  its  edge  to  a  greater  or  less  degree 
according  to  its  state  of  expansion  (C).  The  proximal  part  of  the 
body-wall  is  thus  in  contact  with  the  thecji,  which  has  the  relation 
of  a  cuticle,  and  is,  in  fact,  a  product  of  the  ectoderm.  The  free 
portion  of  the  body-wall  is  frequently,  in  the  extended  state,  folded 
down  over  the  edge  of  the  theca  so  as  to  cover  its  distal  portion. 
The  septa  alternate  with  the  mesenteries,  each  lying  in  the  space 
between  the  two  mesenteries  of  one  couple,  and  each  being  in- 
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vested  by  an  in-turaed  portion  of  the  bodv-wall  (E,  F).  Thus  the 
septa,  which  appear  at  first  sight  to  be  internal  stnicttires,  are 
really  external :  they  lie  altogether  outside  the  enteric  cavity,  and 
are  in  contact  throughout  with  ectoderm. 

The  ectodermal  nature  of  the  entire  corallite  is  further  proved  by 
its   development.      The    first  part   to  appear   is  a   ring-shaped 
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deposit  of  carbonate  of  liniu  between  the  base  of  the  puIyjH.-  and  the 
body  to  which  it  adheres:  sections  show  this  ring  to  be  foniie<l  by 
the  ectoderm  celln  of  the  base.  The  ring  is  «><>»  cunvcrtid  into  a 
disc,  the  basal  plate,  from  the  n})])fr  surfaces  of  which  a  [iuiuIht  of 
ridges  arise,  arraywi  in  a  star-like  fa^ihion  :  those  are  the  nidiiiients 
of  the  septa.  Here,  again,  sectimis  shi.>w  that  each  se])tuni  curri- 
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aponds  with  a  mHial  in-pushiiig  of  the  base,  and  is  formed  as  a 
secretion  of  the  invaginated  ectoclonii.  As  the  septa  grow  they 
unite  with  one  another  at  their  outer  ends,  and  thus  fonn  the  theca. 
In  some  cases,  however,  the  theca  appears  to  be  an  independent 
structure. 

The  aliiioat  infinite  variety  in  form  of  the  compound  corals  ia 
due,  in  the  main,  to  the  various  methods  of  budding,  a  subject 
which  has  already  been  referred  to  in  treating  of  the  actinozoan 
colony  as  a  whole.  According  to  the  mode  of  budding,  massive 
Corals  are  produced  in  which  the  coralHtea  are  in  close  contact 
with  one  another,  as  in  Astnea  (Fig.  133);  or  tree-like  forms,  such 


— Deadrophyllla  nlKraackna, 


as  Dendrophyllia  (Fig.  143,  A),  in  which  a  common  calcareous  stem, 
the  ccenoickyina  is  formed  by  calcification  of  the  ccenosarc  {cs.\  and 
gives  origin  to  the  individual  corallites.  It  is  by  this  last-named 
method,  the  ctenosare  attaining  great  dimensions  and  the  indivi- 
dual corallites  being  small  and  very  numenius,  that  the  most 
complex  of  all  Corals,  the  Madrepores  (Madrej)ora,  Fig.  143,  P) 
arc  produced. 

The  microscopic  structure  of  corals  presents  two  main  varieties. 
In  what  are  called  the  aporose  or  poreless  corals,  such  as  Flabellum, 
Astrcea,  &c.,  the  various  parts  of  the  comllite  are  solid  and  stony, 
while  in  the  jicrforate  forms,  such  as  MadrL^pora,  all  parts,  both  of 
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the  corallites  and  of  the  connecting  coenench^Tna,  have  the  charac- 
ters of  a  mesh-work,  consisting  of  delicate  strands  of  carbonate  of 
lime  united  with  one  another  in  such  a  way  as  to  leave  interstices, 
which  in  the  living  state  are  traversed  by  a  network  of  interlacing 
tubes,  representing  the  coenosarc,  and  placing  the  polypes  of  the 
colony  in  communication. 

The  Blue  Coral  {Ueliopora)  one  of  the  Alcyonacea,  has  a  massive 
corallum  having  the  same  general  appearance  as  a  Madreporarian. 
The  lobed  surface  bears  apertures  of  two  sizes,  the  larger  being  for 
the  exit  of  the  oixiinary  polypes,  the  smaller  for  the  siphonozooids. 
Tabulae  are  present,  and  septum-like  ridges,  which,  however,  have 
no  definite  relations  to  the  mesenteries,  and  are  inconstant  in 
number. 

Colour. — The  Actinozoa  are  remarkable  for  the  variety  and 
brilliancy  of  their  colour  during  life.  Every  one  must  have  noticed 
the  vivid  and  varied  tints  of  sea-anemones  ;  but  most  dwellers  in 
temperate  regions  get  into  the  habit  of  thinking  of  Corals  as  white, 
and  have  no  conception  of  their  marvellously  varied  and  gorgeous 
colouring  during  life.  The  Madrepores,  for  instance,  may  be  pink, 
j'ellow,  green,  brown,  or  purple :  Tubipora  has  green  polypes,  con- 
trasting strongly  with  its  crimson  skeleton ;  and  the  effect  of  the 
bright  red  axis  of  Corallium  is  greatly  heightened  by  its  pure  white 
polypes.  In  Heliopora  the  whole  coral  is  bright  blue  ;  the  tropical 
Alcyonida?  are  remarkable  for  their  elaborate  patterns  and  gor- 
geous colouration ;  and  Pennatula,  in  addition  to  its  ^  ivid  colours, 
IS  phosphorescent. 

In  most  cases  the  significance  of  these  colours  is  quite  unknown. 
In  some  species,  however,  "  yellow-cells  "  or  symbiotic  Algae  have 
been  found  in  the  endodenn,  where  they  probably  serve  the  same 
purpose  as  the  similar  structures  which  we  have  already  studied 
m  Radiolaria  (p.  Gl). 

Many  Actinozoa,  like  many  sponges  (p.  116),  furnish  examples  of 
commensalism,  a  term  used  for  a  mutually  1)eneficial  association 
of  two  organisms  of  a  less  intimate  nature  than  occurs  in  symbiasis. 
An  interesting  example  is  furnishetl  by  thi^  Sea-anemone  Adaimna 
palliata  (Fig.  144).  This  siR'cies  is  always  found  on  a  univalve  shell 
— such  as  that  of  a  Whelk — inhabitecl  by  a  Hennit-crab.  The 
Sea-anemone  is  carried  from  place  to  place  bv  the  Hennit-crab,  and 
in  this  way  secures  a  more  varied  and  abundant  food-supply  than 
would  fall  to  its  lot  if  it  remaintKl  in  one  place.  On  the  other 
hand,  the  Hennit-crab  is  protected  from  the  attack  of  })nKlaceous 
Fishes  by  retreating  into  its  shell  and  leaving  t'X]>ose(l  the  Sea- 
anemone,  which,  owing  to  its  toughness,  and  to  the  })ain  caused 
by  its  poisonous  stinging-capsules,  is  usually  avoidi^d  as  an  article 
of  food. 

Other  Sea-anemones — such  as  the  gigantic  Biscmonta  of  the 
great  Barrier  Reef — are  found  associated  with  Small   Fishes  or 
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Crustacea,  wliich  have  their  abode  in  the  enteric  cavity.  In  this 
case  the  Fish  secures  shelter  in  a  place  where  it  is  very  unlikely  to 
hu  disturbed,  and  the  two  animals  arc  strictly  cumniensala  or  "  mess- 
mates" since  they  shartj  a  common  table.  A  somewhat  similar 
instance  is  furnished  by  the  Blue  Cfiral  (Heliopnra),  already  referred 
to  more  than  once.  The  coralhim  contains,  not  only  the  apertures 
for   the    polypes  and  siphon ozooids,   but  also  tubular  cavities  of 
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an  intermediate  size,  in  each  of  which  is  found  a  small  chtetopod 
Worm,  belonging  to  the  genus  Leucodcn'e.  As  the  polypes  are 
frequently  found  retracted  at  a  time  when  the  Worms  are  protruded 
from  their  holes  in  search  of  Ibod,  it  is  not  surprising  that  the 
latter  should  have  been  credited  with  the  fabrication  of  the  coral. 
Trapeim,  a  genus  of  Crabs,  always  lives  in  interstices  of  a  par- 
ticular species  of  Madrepore. 

The   distribution    of   the   Actiniaria   is    world-wide,   and  in 
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many  cases  the  same  genera  are  found  in  widely  separated 
parts  of  the  world.  They  are,  however,  larger  and  of  more  varied 
form  and  colour  in  tropical  regions,  for  instance  on  coral-reefs.  The 
largest  reef-anemone,  Discosoma,  found  also  in  the  Mediterranean, 
attains  a  diameter  of  2  feet.  Most  members  of  the  order  are 
littoral,  living  either  between  tide-marks  or  at  slight  depths,  but  a 
few  are  pelagic,  and  several  species  have  been  dredged  from  depths 
of  from  10  to  2,900  fathoms. 

The  Madreporaria,  taken  as  a  whole,  have  also  a  wide  distribu- 
tion ;  but  the  number  of  forms  in  temperate  regions  is  small,  and 
the  majority — including  the  whole  of  what  are  called  reef-building 
Corals — are  confined  to  the  tropical  parts  of  the  Atlantic,  Indian, 
and  Pacific  Oceans,  flourishing  only  where  the  lowest  winter  tem- 
perature does  not  sink  below  G8**  F.  (20°  C).  Thus  their  northern- 
most limits  are  the  Bermudas  in  the  Atlantic,  and  Southern  Japan 
in  the  Pacific ;  their  southernmost  limits,  Rio  and  St.  Helena  in 
the  Atlantic,  Queensland  and  Easter  Island  in  the  Pacific :  in  other 
words,  they  extend  to  about  30°  on  each  side  of  the  equator. 
Moreover,  they  have  a  curiously  limited  bathymetrical  distribu- 
tion, flourishing  only  from  high-water  mark  down  to  a  depth  of 
about  20  fathoms,  but  not  lower. 

Many  of  the  Pacific  Islands  are  formed  entirely  of  coral  rock, 
others  are  fringed  with  reefs  of  the  same,  and  the  whole  east  coast 
of  Northern  Queensland  is  bounded,  for  a  distance  of  1,250  miles, 
by  the  Great  Barrier  Reef,  a  line  of  coral  rock  more  or  less  parallel 
to  and  at  a  distance  of  from  10  to  90  miles  from  the  land. 
Such  reefs  consist  of  gigantic  masses  of  coral  rock  fringed  by  living 
coral,  the  latter  growing  upon  a  basis  of  dead  coral,  the  interstices 
of  which  have  been  filled  up  with  debris  of  various  kinds,  so  as  to 
convert  the  whole  into  a  dense  limestone. 

The  Antipatharia,  and  many  of  the  Alcyonaria,  such  as  the  Gor- 
gonacea  and  Pennatulacea,  have  also  a  world-wide  distribution, 
and,  even  in  temperate  regions,  both  Black  Corals  and  Sea-fans  may 
attain  a  great  size  :  the  members  of  both  these  groups,  as  wi'll  as 
the  Sea-pens,  are  found  at  moderate  depths.  The  Red  C  oml  is  found 
only  in  the  Mediterranean,  at  a  depth  of  10  to  80  fathoms.  Tubi- 
pora  and  Heliopora  have  the  same  distribution  as  the  reef-building 
Uorals. 

From  the  palaeontoldgical  point  of  view,  conils  are  of  great  im- 
portance :  they  are  known  in  the  fossil  condition  from  the  Silurian 
epoch  upwards,  and  in  many  fonnations  occur  in  vast  quantities, 
forming  what  are  called  coral  limestones.  The  majority  of  fossil 
forms  are  referable  to  existing  families,  but  in  the  Paheozoic  era 
the  dominant  group  was  the  Rugcsa,  tha  affinities  of  which  are  still 
verj^  obscure.  The  comllites  are  usually  bilaterally  symmetrical, 
the  septa  are  arranged  in  nmltiples  of  four,  and  the  cup  presents 
on  one  side  a  pit,  the  fossula,  where  the  septa  are  greatly  reduced. 


CLASS  IV.— CTEKOFHOEA. 

1.  Type  of  the  Class — Hormipliora  plumosa. 

External  Cbaracten. — Uonniphora  is  a  pear-shaped  or^nism, 
about  5-20  mm.  in  diameter,  and  of  glassy  transparency  (Figs.  145 
and  146).  Tht^  species  ff.plmrwsa  is  found  in  the  Mediterranean; 
allied  funns  belonging  either  to  the  same  genus  (often  called 
Ci/dippr.)  or  to  the  closely  allied  genus  Pkurobrachia  are  common 
pelagic  forms  all  over  the  world. 

From  opposite  sides  of  the  broad  end  depend  two  long  tenlacles 
((.).  provitfed  with  numerous  little  tag-like  processes,  and  springing- 
each  from  a  deep  cavity  or  sheath,  into  which  it  can  be  completely 
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retracted  (Fig.  146,  tA.).  At  the  narrow  end — where  the  stalk 
of  a  pear  would  be  inserted — is  a  slit-like  aperture,  the  motiih 
(mlh.) :  this  end  is  therefore  oral.  At  the  opposite  or  aboral  pole  is 
a  slight  depression,  in  which  lies  a  promintnt  seniw-m'gan  (s.o.),  to 
be  described  hereafter. 

But  the  most  striking  and  characteristic  feature  in  the  external 
structure  of  Horioiphora  is  the  presence  of  eight  equidistant  meri- 
dional bands  (a.  p/.),  starting  Emm  near  the  aboral  pole,  and  extending 
about  two-thirds  of  the  distance  towards  the  oral  pole.  Each  band 
is  constituted  by  a  row  of  transversely  arranged  comb-iike  stnic- 
tures,  consisting  of  nai-row  plates  frayed  at  their  outer  ends.  During 
life  the  frayed  ends  are  in  constant  movement,  lashing  to  and  fro. 
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and  so  propelling  the  animal  throueh  the  water.  The  comhs  are, 
in  fact,  rows  of  immense  cilia,  fused  at  their  proximal  enda :  their 
presence  and  mode  of  occurrence — arranged  in  meridional  camb- 
riba  or  smmming-plates — are  strictly  characteristic  of  the  class, 
and  indeed  give  it  its  name. 

It  will  be  seen  at  once  that — apart  from  all  considerations  of 
internal  structure^ — Hormiphora  presents  a  similar  combination  uf 
radial  with  bilateral  symmetrj'  as  some  Hydrozoa,  such  as  Ctenaria 
(Fig.  96, 1),  and  as  the  majority  of  Actinozoa.  The  swimming-plates 
are  radially  arranged,  and  mark  the  eight  adradii,  but  the  sht-Iike 
mouth  and  the  two  tentacles  indicate  a  very  marked  and  character- 
istic bilateral  symmetry.  A  plane  passing  through  the  longitudinal 
axis  of  the  body,  parallel  with  the  long  axis  of  the  mouth,  is  called,  as 
in  Actinozoa  (see  p,  17G),  the  vertical  I'lane :  it  includes  two  per-radii, 
which  are  respectively  dorsal  and  ventral.  A  plane  at  right  angles 
to  this,  passing  through  both  tentacles,  and  including  right  and 
left  per-radii.  is  called  the  trmieverse  plant. 

Enteric  Syitem. — The  mouth  leads  into  a  flattened  tube  (Fig. 
146,  std.),o{ten  called  the  stomach,  but  more  correctly  the  gullet  or 
stomodwiim.  It  reaches  about  two-thirds  of  the  way  towards  the 
aboral  pole,  and  its  walls  are  produced  internally  into  ridges  (a(rf.  r.), 
which  increase  the  area  for  the  absorption  of  digested  food. 
Living  prey  is  seized  by  the  tentacles,  ingested  by  the  aid  of  the 
mobile  edges  of  the  mouth  and  digested  in  the  stomodieum,  which 
is  thus  physiologically,  though  not  morphologically,  a  stomach. 
The'  products  of  digestion  make  their  way  into  the  various  parts 
of  the  canal-system,  presently  to  be  described,  and  indigestible 
matters  are  passed  out  at  the  mouth. 

Towards  its  upper  or  aboral  end  the  stomodaeum  gradually 
narrows  and  opens  into  a  cavity  called  the  infundibuliivi  (inf.), 
which  probably  answers  to  the  stomach  of  an  Actinozoun  or  a 
medusa,  and  is  flattened  in  a  direction  at  right  angles  to  the 
stomodieum — -it.  in  the  transverse  plane.  From  the  infundibulum 
three  tubes  are  given  off ;  one,  the  infundibular  atnal  (inf.  p.),  passes 
directly  upwards,  and,  immediately  beneath  the  aboral  pole,  divides 
into  four  short  branches,  two  of  which  open  on  the  exterior  by 
minute  apertures,  the  excretory  pm-es  (Fig.  147,  A,  ex. p.).  The  two 
other  canals  given  off  from  the  infundibulum  are  the  pcv-radial 
canals  (per.  c):  they  pass  directly  outwards,  in  the  transverse  plane, 
and  each  divides  into  two  inter-radial  canals  {int.  p.),  which  in  their 
turn  divide  each  into  two  adradial  canals  (adr.  c).  These  succes- 
sive bifurcations  of  the  canal-system  all  take  place  in  a  horizontal 
plane  (Fig.  147,  B),  and  each  of  the  ultimate  oranches  or  adradial 
canals  opens  into  a  meridional  canal  (vidr.  c),  which  extends  up- 
wards and  downwards  beneath  the  corresponding  swimming-plate. 
Furthermore,  each  per-radial  canal  gives  off  a  stomoda'nl  canal 
(std.  c),  which  passe.s  downwards,  parallel  to  and  in  close  contact 


tTUO     P^^   '^ 


ao2 


ZOOLOGY 


with  the  stomodieum,  and  a  U^Uactdar  canal  {t.  c.)  which  ex- 
tends  outwards  and  downwards  into  the  base  of  the  correspond- 
ing tentacle.  Each  tentacle  presents  a  thickened  base  (t.  h.), 
closely  attached  to  the  wall  of  the  sheath,  and  giving  off  a  long 
flexible  filament,  beset  with  processes  of  two  kinds — one  simple 
and  colourless,  the  other  leaf-like,  beset  with  branchlets,  and  of  a 
yellow  colour. 

Oell-Iarsn. — The  body  is  covered  externally  by  a  delicate 
ectodermal  epithelium  (Fig.  147),  the  cells  frota  which  the  combs 
arise  being  particularly  large.  The  epithelium  of  the  stomodjeuni 
is  foundbydevelopment  to  be  ectodermal,  that  of  the  infundibulum 
and  its  canals  endodormal :  both  are  ciliated.  The  interval  between 
the  entemal  ectoderm  and  the  ranal-syHtem  is  fillet]  by  a  soft  jelly- 
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like  mesoglcea.  The  tentacle-sheath  is  an  invagination  of  the  ecto- 
derm, and  the  tentacle  itself  is  covered  by  a  layer  of  ectoderm, 
within  which  is  a  core  or  axis  formed  by  a  strong  bundle  of  longi- 
tudinal muscular  fibres,  which,  &a  we  shall  see,  are  of  mesodermal 
origin,  and  which  servo  to  retract  the  tentacle  into  its  sheath. 

Delicate  muscle-fibres  lie  beneath  the  external  epithelium  and 
beneath  the  epithelium  of  the  canal-system,  and  also  traverse 
the  mesoglcea  in  various  directions.  The  feeble  development 
of  the  muscular  system  is,  of  course,  correlated  with  the  fact 
that  the  swimming-plates  are  the  main  organs  of  progression, 
the  Ctenophora  differing  from  all  other  Ccelenterata  in  retaining 
cilia  as  loc«motory  organs  throughout  life. 

A  further  striking  difference  between  our  present  type  and  the 
Ccelenterata  previously  studied  is  the  absence,  in  Hormiphora,  of 
stinging- capsules.     The  place  of  these  stnictures  is  taken  by  the 
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peculiar  odtaeilve-oeUi  with  which  the  branches  of  the  tentacles 
are  covered.  An  adhesive-cell  (Fig.  148,  ad.  e.)  has  a  convex  surface 
produced  into  small  papilhe,  which  readily  adheres  to  any  object 
with  which  it  comes  m  contact  and  is  with  difficulty  separated. 
In  the  interior  of  the  cell  is  a  spirally  coiled  filament,  the 
delicate  inner  end  of  which  can  be  traced  to  the  muscular  axis  of 
the  tentacular  branch.  These  spiral  threads  act  as  springs,  and 
tend  to  prevent  the  adhesive  -cells  being  torn  away  by  the  struggles 
of  the  captured  pre^'. 

Both  the  cenUai  n«rToni  lyitem  and  the  principal  «etue- 
orymn  are  represented  by  a  peculiar  apparatus  situated,  as  already 
mentioned,  at  the  aboral  pole.  In  this  region  is  a  shallow  depres- 
sion (Fig.  149,  c.p.)  lined  by  ciliated  epithelium  and  produced  in 
the  transverse  plane  into  two  narrow  ciliated  areas,  the  polar 
plates  (p.pl.).  From  the  depression  arise  four  equidistant  groups 
of  very  large  S-shaped  cilia  (sp),  united  to  form  as  many  springs  (<p.), 
which  support  a  mass  of  calcareous  particles  {I.),  like  the  lithites 
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of  Hydrozoa  and  Scyphozoa.  From  each  spring  a  citi'ifnl  '/rocve 
(cyr.)  proceeds  outwards,  bifiircate.-i. and  passus  to  tht.-  two  swimming- 
plat^  of  the  corre.sponding  quadrant.  The  otolithic  mas.s.  with 
its  springs,  is  enclosed  in  a  transparent  case  or  hell  {h),  formed  of 
coalescea  cilia.  It  ap[K'ars  that  the  whole  apparatus  acts  as  a 
kind  of  steering-gear,  or  ap]>)imtiis  lor  the  niaintenancL'  of  t-cpiili- 
brium.  Any  inclination  of  the  long  axis  mu.tt  cauw  the  oti>Iithic 
mass  to  bear  miin^  heavily  upon  one  or  other  of  the  sprin>,'s:  the 
stimulus  api)eani  to  be  tninsmitted  by  the  corn.'s|)onduig  ciliated 
groove  to  a  swimming-plate,  and  n'siilts  in  a  vigorous  mnvement 
of  the  combs.  Thus  the  scnsuiy  pit  act.i  as  a  central  ni'rvnus 
system,  and  the  ciliated  groovits  as  nerves. 

ReproducUve  Organs. — The  animal  is  hennaphr<.i(liie.  the 
organs  of  both  sexes  being  found  in  the  same  individual.  The 
ffmiiiitsnTe  developed  in  the  meridional  canals  (Fig.  14(5.  Bl,  .'ach  of 
which  hiis  an  ovary  (oci/.)  exteniiing  along  the  whole  length  of  one 
side,  a  spermary  (ty)^.)  along  the  whole  length  of  the  opint^ite  side. 
The  oi^ans  are  so  aminged  that  in  adjacent  canals  th-i.-^'  of  the 


same  sex  face  one  another.  It  will  bo  seen  that  the  roproductivc 
products  have,  as  in  Scyphozoa  and  Actinozoa,  the  position  of 
endoderm-cells :  whether  they  are  developed,  in  the  first  instance, 
from  that  layer  ia  uncertain. 
plam  When     ripe     the    ova     and 

sperms  are  discharged  into 
the  canals,  make  their  wa\' 
to  the  infundibulum,  thence 
to  the  stomodieum.and  finally 
escape  by  the  mouth.  Im- 
pregnation takes  place  in  the 
water. 

Derelopment,— The  pro- 
cwis  of  development  has  been 
traced  in  several  penera 
closely  allied  to  Homuphora, 
so  that  there  is  every  reason 
to  believe  that,  in  all  essen- 
tial particulars,  the  following  description  will  apply  to  that  genus. 
The  egg(Fig.  150)  consists  of  an  outer  layer  of  protoplasm  (jj/aro.) 
containing  the  nucleus  {nu.).  and  of  an  internal  maas  of  a  frothy 
or  vacuolated  nature  (yi.):  the  vacuoles  contain  a  homogeneous 
substance  which  serves  as  a  store  of  nutriment  to  the  growing 
embryo,  and  apparently  corresponds  with  the  yoUc  which  we  shall 
find  to  occur  in  a  large  proportion  of  animal  e^s.  Enclosing 
the  egg  is  a  thin  vitelline  membraTie  (r.nt.),  separated  oy  a  consider- 
able space,  filled  with  a  clear  jelly,  from  the  protoplasm. 

After  impregnation  the  oosperm  segments,  but  the  details  of 
the  process  are  very  different  from  those  we  are  familiar  with  in 
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the  other  Ctelenterata.     The  protoplasmic  layer  accumulates  on 
the  side  which  will  become  dorsal,  and  the  oosperm  divides  along 
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a  vertical  plane,  folming  two  cells  each  with  a  sort  of  protoplasmic 
cap  (Fig.  151,  Ay  plsm,).  A  second  division  takes  place  at  right 
angles  to  the  first,  producing  a  four-celled  stage  (B),  and  each  of 
the  four  cells  divides  again  into  daughter-cells  of  unequal  size,  the 
result  being  an  eight-celled  embryo,  each  cell  with  a  protoplasmic 
cap  at  its  dorsal  end  (C,  D).  Next  a  horizontal  division  takes 
place,  dividing  oflF  the  protoplasmic  caps  as  distinct  cells,  and  so 
producing  a  sixteen-celled  stage  (E,  F)  in  which  we  can  dis- 
tinguish eight  large,  ventral,  yolk-containing  cells  or  megameres 
{ing,\  and  eight  small,  dorsal,  protoplasmic  cells  or  micrmneres  {mi,). 
The  micromeres  increase  rapidly  in  number  by  division,  and  are 
further  added  to  by  new,  small  cells  being  budded  off  from  the 
raegameres  (Fig,  151,  G,  H,  and  Fig.  152,  A).  The  result  of  this 
increase  is  that  the  micromes  gradually  overspread  the  megameres 
(Fig.  152,  C),  the  final  result  being  the  production  of  an  embryo 
consisting  of  a  central  mass  of  large  yolk-containing  cells  {nui.\ 
partly  surrounded  by  an  epithelium-like  layer,  incomplete  below, 


Fio.  152.— Three  stages  in  the  development  of  Ctenophora.    Ma.  megameres ;  ,tii.  micromeres. 

(From  Lang's  Compai'atitt  Anatomy.) 

of  small  cells  {mi.\  This  stage  corresponds  with  the  gastnila  of 
preceding  t}^)es,  the  micromeres  forming  the  ectixlemi,  the  mega- 
meres the  endoderm,  and  the  ventral  edge  of  the  ectodermal 
investment  representing  the  blastopore.  There  is,  however,  no 
archenteron  or  gastrula-cavity,  and  the  stage  has  been  ])roduced, 
not  by  a  process  of  invagination  or  tucking-in»  but  by  one  of  cpiboly 
or  overgrowth. 

The  end<xlerm-cells  increase  in  nunibtT,  and  become  much 
elongated,  and  arranged  obliquely,  their  long  axes  nuliating, 
upwards  and  outwards,  from  the  long  axis  of  the  entire  embryo 
(Fig.  153,  A).  Their  lower  (ventral)  ends  then  become  divi^Knl  off, 
forming  a  number  of  small  cells,  which  constitute  the  rudiment 
of  a  tnie  middle  cell-layer  or  mesoderm  (A,  me.).  A  kin<l  of  in- 
vagination of  the  megameres  with  their  mesoderm  cells  th^n  takes 
place,  resulting  in  the  formation  of  a  cavity — the  infundibulum 
(B,  (1.) — boundc»il  below  by  the  megameres,  now  placed  horizontally, 
and  above  by  the  mesixlenn.  The  mestHlenn  gradually  reiivats  to 
the  dorsal  surface  (C),  finally  spreading  out  between  the  dorsal 
ectodenn  and  the  infundibulum.  At  the  same  time  the  eet^Klerm 
cells  bounding  the  aperture  of  the  infundibulum  grow  into  it  so 


afi  to  line  its  ventral  portion:  in  this  way  the  stomodceum  (st.)  is 
prodiiceci.     The   remainder  of  the  cAvity  widens  out  and  becomes 


the  definitive  infundibulum  (r/.).  and  befort  long  sends  toff  four 
adradial  pouches,  the  rudiinenta  of  the  canal-system.  At  the  same 
time  a  gelatinous  layer  (Fig.  154,  g.),  the  mesogloea,  niakes  its 
appearance  between  the  ectoderm  and 
endoderm. 

The  later  processes  of  development 
may  be  described  very  briefly.  The 
canal -system  gradually  assumes  its 
adult  complexity  and  the  swimming- 
platen  appear.  A  thickening  of  the 
ectoderm  on  each  side  of  the  body 
gives  rise  to  the  epithelium  of  the 
tentacle  and  of  its  pouch.  The  muscle- 
fibres  forming  the  axis  of  the  tentacle 
(B,me.)are  derived  from  the  mesoderm, 
which  also  gives  rise  to  the  contractile 
fibres  of  the  mesoglcea  (wc'.).  The 
otoliths  are  formed  in  the  ectoderm- 
cells  of  the  apical  pole,  but  gradually 
make  their  way  on  to  the  free  surface 
of  the  cells  and  become  supported  on 
four  groups  of  fused  cilia.  Four  outer 
groups  of  cilia  unite  with  one  another 
to  form  the  bell  (ai.). 

The  most  noteworthy  points  in  this 
somewhat  complex  process  of  develop- 
ment are  the  followmg : — 

1.  The  distinction  between  a  purely 
protoplasmic  part  of  the  egg  and  a  yolk- 
containing  portion.  In  the  Hydrozoa 
and  Actinozoa  the  yolk-material  is 
small  in  amount  and  evenly  distributed, 
the  egg  being  described  as  alecUhal  or 
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yolkless.  In  the  present  instance  the  yolk  is  at  first  accumulated 
in  the  centre  of  the  egg,  which  is  thus  ceivtrolecUhal  or  mid-yolked, 
but  soon  the  protoplasm  accumulates  at  one  end  and  the  yolk  at 
the  opposite  end  of  the  developing  embryo,  producing  a  teloledthal 
or  end-yolked  condition. 

2.  The  fact  that  segmentation  is  unequal,  there  being  a  distinc- 
tion into  large  cells  or  megameres,  containing  yolk,  and  purely 
protoplasmic  small  cells  or  micromeres. 

3.  The  formation  of  a  peculiar  type  of  gastrula  by  epiboly  or 
overgrowth,  the  ectoderm  cells  (micromeres)  growing  over  and 
partyr  enclosing  the  endodenn  cells  (megameres). 

4.  The  presence,  for  the  first  time  in  the  ascending  animal 
series,  of  a  true  middle  embryonic  layer  or  mesoderm.  In  the 
other  Coelenterata,  as  well  as  in  the  Sponges,  two  embryonic  layers 
only  are  formed,  and  the  intermediate  layer  of  the  adult  is  formed 
by  the  comparatively  late  separation  of  muscle-cells  and  connec- 
tive-tissue fibres  either  from  ectoderm  or  endoderm.  In  the 
present  case  a  definite  layer  of  mesoderm  cells  becomes  separated 
from  the  endoderm  during  the  gastrula  stage. 


2.  Distinctive  Characters  and  Classification. 

The  Ctenophora  are  pelagic  Coelenterata  in  which  the  formation 
of  colonies  is  entirely  unknown.  No  indication  of  a  polype-stage, 
so  characteristic  of  the  remaining  CcBlenterata,  can  be  detected 
either  in  the  adult  or  in  the  embryonic  condition.  Ciliary  move- 
ment, instead  of  being  a  merely  .embryonic  form  of  locomotion  as 
in  the  preceding  classes,  is  retained  throughout  life,  the  cilia  being 
fused  to  form  comb-like  structures,  which  are  arranged  in  eight 
meridional  rows  or  swimming-plates.  Tentacles,  when  present, 
are  usually  two  in  number,  situated  in  opposite  (right  and  left) 
per-radii,  and  retractile  into  pouches.  The  enteron  communicates 
with  the  exterior  by  a  large  stomo<l{eum  which  functions  as  the 
chief  digestive  cavity.  From  the  enteron  is  given  off  a  system  of 
canals,  the  ultimate  branches  of  which  are  adradial  and  have  a 
meridional  position,  Ipng  beneath  the  swimming-plates ;  a  single 
axial  canal  is  continued  to  the  aboral  pole,  where  it  commonly 
opens  by  two  excretor}'  pores.  There  are  no  gastric  filaments. 
The  central  nervous  system  is  represented  by  a  ciliated  area  on 
the  aboral  pole,  and  is  connected  with  a  single  sensory  or^n, 
having  the  character  of  a  peculiarly  modified  lithocyst.  The 
organs  of  both  sexes  are  lodged  in  the  same  individual,  the  ovaries 
and  testes  being  formed  on  opposite  sides  of  the  meridional  canals. 
The  oosperm  undergoes  unequal  segmentation,  the  gastnila  is 
formed  by  epiboly  or  overgrowth,  and  a  definite  mesixlerm  is 
established  during  the  gastrula  stage.     There  is  no  alternation  of 
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generations ;  but  in  some  cases  development  is  accompanied  by  a 
well-marked  metamorphosis. 

The  Ctenophora  are  divisible  into  four  orders  as  follows : — 

Order  I.—Cydippida. 

Ctenophora  having  two  tentacles,  retractile  into  sheaths,  and 
unbranched  meridional  and  stomodaeal  vessels.  The  body  is 
either  circular  in  section  or  is  slightly  compressed  in  the  trans- 
verse plane  (Figs.  145  and  155). 

Order  2. — Lobata. 

Ctenophora  having  numerous  non-retractile  lateral  tentacles 
contained  in  a  groove :  the  bases  of  the  two  principal  tentacles  are 
also  present,  but  have  no  sheaths.  The  stomodaeal  and  meri- 
dional vessels  unite  with  one  another.  The  body  is  compressed  in 
the  vertical  plane,  and  is  produced  into  two  large  oral  lobes  or 
lappets  and  into  four  pointed  processes  or  auricles  (Fig.  156). 

Order  3. — Cestida. 

Ctenophora  having  a  band-like  form  owing  to  the  extreme 
compression  of  the  body  in  the  vertical  plane.  The  bases  of  the 
two  principal  tentacles  are  present,  enclosed  in  sheaths,  and  there 
are  also  numerous  lateral  tentacles  contained  in  a  groove.  Union 
or  anastomosis  of  the  meridional  and  stomoda3al  vessels  takes 
place  (Fig.  157). 

Order  4. — BERO]fDA. 

Ctenophora  having  no  tentacles.  The  mouth  is  very  wide,  and 
the  gullet  occupies  the  greater  part  of  the  interior  of  the  body. 
The  meridional  vessels  are  produced  into  a  complex  system  of 
anastomosing  branches  (Fig.  158). 

Systematic  Position  of  the  Example. 

Hormiphora  plumosa  is  a  species  of  the  genus  Hoiiniphora,  be- 
longing to  the  family  Pleurohrachiadcc  and  to  the  order  Cydippida. 

The  presence  of  two  tentacles,  retractile  into  sheaths,  and  of 
unbranched  meridional  canals  places  it  in  the  order  Cydippida. 
In  this  order  there  are  three  families,  amongst  which  the  Pleuro- 
brachiadcc  are  distinguished  by  the  absence  of  any  coinpression  of 
the  body,  the  transverse  section  being  circular.  The  genus 
Hormiphora  is  distinguished  by  having  a  rounded  body  somewhat 
produced  at  the  oral  pole,  and  by  the  aperture  of  the  tentacle- 
sheath  being  on  a  higher  level  than  the  funnel.  In  the  species 
plumosa  the  stomodueal  ridges  are  of  a  brown  colour,  and  the  leaf- 
like  branch  lets  of  the  tentacles  yellow. 
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3.  Gen'ebal  Oroanisatiok. 

Comp&red  with  the  tiro  former  claaaes  of  Ccelenterates,  the  HydroioK  an<l 
ActinozoK,  the  organisation  of  the  Cteiiophora  it  remarkably  uniform.  Thia  in 
dne  to  the  fact  that  all  the  species  are  pelagic,  none  are  colonial,  and  none  form 
akeletoui.  Nevertheless  a  very  great  divenity  ot  form  is  produced  in  virtue  of 
■litferences  in  proportion  and  modificationB  of  the  tentacular  and  oanal  lyatenis. 

The  Cydippida  agree  in  all  essential  respects  with  Hoimiphora,  the  moat 
important  deviation  from  the  type-fonn  being  the  compression  of  the  body  in  the 
transverae  plane  in  some  genera,  t.g.  JSuchtora  (Fij;.  l5o,  2),  the  result  being  an 
oval  instead  of  a  circular  tnuiHverse  section,  with  the  tentacles  at  the  end  of  the 


long  axis.  The  almrnt  pole  may  lie  proiliiued  into  wing-like  appendngos,  as  in 
CnJIirtHien  (I),  and  in  l^amptlia  {3)  (he  mouth  ia  so  dilatolile  as  to  form,  when 
expandeil.a  sole-like  pUtu  liy  which  the  aiiiniat  relainn  itself  oti  the  nurfaoe  of  the 
water  or  creeps  over  submarine  objects.  In  Knrhliira  riil-i-a  minute  neitiHtocyHtK 
have  lieen  fouml,  and  there  is  reason  to  lielieve  lliat  it  was  1>y  the  niuilitication 
of  these  characteristic  cu'lenlernte  organx  of  otTeiict'  (hat  the  wlhetiive  cells  of 
Cteu»I>hura  were  evolved. 

The  Lolnta.  fur  instance  Dtiojiea,  are  diitinicuislieil,  us  their  name  iniplicK. 
by  the  presence  of  a  puir  of  large  lappet.i  ll''ig.  l<~>li.  //>.|,  into  which  (he  tmX 
surface  is  pnxluc-e<l  at  either  end  of  tlie  vertical  pLiiic.      Four  of  the  HWiiiiiiiinn 

vol-  1.  P 


aio 


ZOOLOGY 


plates  nre  Bh(irt«r  than  tlic  otliers,  ruul  at  their  baaes  arise  elongated  proteaaes 
called  mirirlen  {aur. ),  H'hich  bear  Bwimniing-plates.  The  meridional  canals  (nidr.e} 
unite  with  one  another,  and,  with  the  (esophageal  canals,  are  continned  into  the 
lappets,  where  they  become  curiouely  coiled.  The  principal  tentacles  are 
uBWsUy  absent  in  the  adult,  but  are  represented  by  tbejr  basal  portions,  which 


tsntiwlo;  Hint 


are  small,  situated  al  the  oral  end,  and  devoid  of  sheaths.  From  each  tentacle- 
base  grouves  are  cootinuetl  along  the  oral  surface  to  the  auricles,  anil  from  the 
grooves  depend  unmerous  sinall  lateral  tentacles  {!,!.).  In  the  young  condition 
the  Lobata  resemble  such  compressed  Cydippida  as  Enchlora,  having  a  pair  of 
long  principal  tentaules.  no  lappets,  and  nnbranched  veoBels  (B). 

The  Ct'tiita  are  reprenented  by  the  remarkable  "  Veuus's  Girdle  "  iCtKtus 
ttntni),  H  liand-BliBped  Ct«iiophore  (Fig.  Ifl")  which  sometimes  attains  a  length 
of  U  metre,  or  nearly  ii  feet.     The  bo,ly  U  greatly  elongated  hor-iEontally  in  the 
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vertical,  am)  compressed  in  the  transverse,  plane,  so  as  to  ha\'e  the  fomi  of  a 
ribbon,  which  proj^resses  by  nndnlations  of  the  whole  boily  as  well  as  by  the 
action  of  its  swimming' plates.  Four  of  the  BWimming-plates  (•.p/.')  are  very 
small ;  the  otherfonr  («.pf.')  are  continned  all  along  the  uboral  edge  of  the  body. 
The  botieB  of  the  two  principal  tentacles  (f . )  are  large  and  are  encloseil  in  alieaths, 
and,  as   in   Lolmta.   nnmeroiiB  sniiiU  lateral   tentuelea  (/.f.)  spring   from  gi 
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which,  in  ifae  present  case,  are  continued  the  whole  length  of  the  oral  eilge. 
The  yonng  of  Cestui  (B)  resemblen  a  compreas^l  Cyclippiil  which  anilergoea 
gradual  elongation  in  the  median  plane. 

Btroi,  the  principal  genas  of  the  Beroida.  has  the  form  of  a  cylinder  (Fig.  158), 
one  end  of  which  ia  rounded  and  beare  the  sense-organ,  the  other  truncated 
an<l  occupied  entirely  by  the  immenBe  mouth  (mfA. ).  The  greater  part  of  the 
body  is  taJten  up  by  the  huge  gullet ;  the  infundibuhim  (inf.),  per-ratl>al  and 
infundibular  canals,  kc,  being  all  crowiled  into 
a  aniall  space  at  the  aboral  pole.     The  meri'  . 

ilional   canals  send  off  branches   which   unite  fj^'^'f 

with  one  another,  forming  a  complex  network  '     ' 

of  tubes,  And  at  their  oral  ends  the  four  meri- 
dional canals  of  each  (right  and  left)  side  and 
the  oorreaponding  stomodieal  canal  unite  into 
a  horizontal  tube,  which  runs  parallel  with  the 
margin  of  the  mouth.  There  is  no  trace  of 
tentacles  either  in  the  adult  or  in  the  embryonii- 
condition. 


The  Ctenophoni  are  usually  per- 
fectly  transparent,  and  quitt;  colour- 
less, save  for  delicate  tints  of  red, 
brown,  or  yellow,  in  the  tentacles  and 
stomodsal  ridges.  Cestus  has,  how- 
ever, a  delicate  violet  hue,  and  when 
irritated  shows  a  beautiful  blue  or 
bluiah-green  fluorescence.  Bcrue  is 
coloured  rose -pink. 

Ctenophora  are  found  in  all  seas 
from  the  arctic  regions  to  the  troi>ics. 
As  is  to  be  exi>ected  from  their 
perishable  nature,  there  is  im  truce  of 
the  group  in  the  ftwsil  state. 

A  very   remarkable   fact    has   been       i 
made    out    with     regani     to    BoUwi 
kydatina,  one  of  the  Lobata,  a  Cteno- 
phore    which    attains    a    diameter   of 
25-40  mm.       While    still    in    the    larval 
and  not  more  than  0'0-2  mm.  in  diauiet' 
mature,  the   gonads   proiluclng   ripe   ova 
eggs  are  impregnateti  and  develop 


the  gonads  degenerate,  the 
form,  and  at 


'  larva  metanmrjihf 
jRTiixi  i>f  sexual  matiirily 
precocious  rij>ening  of  si'X-cells  i«curs,  as  we 
animal  grmips  and  \^  called  ^KLih'ij'riiinU. 


cydippid  ot>ndition. 
it  Ix'comes  si\ually 
id  spenns.  and  the 
i.-iual  manner.  Sorn 
ses  into  the  adult 
suiKTvenes.  This 
shall  see,  in  nther 


APPEKDIX    TO   CTENOPHORA 

Ctenoflasa  and  C<eloplaha. 

B  leaving  the  Ctenopbora  inention  must  ]ie  nmclo  nC  two  reinurksble 
I  which  hoi-e  l>cen  nuppoaeil  to  connect  tlio  preauul  class  witji  the 
rurbelUrift  Polyolmlidn,  or  Planariana,  a  group  of  woriiia  to  lie  described  in 
the  following  section. 

Citnoplaiia  (Fig.  15B)  is  »  small  marine  animal,  nearly  circular  in  ontline, 
Afttteneil  darao-ventrally,  and  about  6  mm.  in  diauioter.  It  haa  hitherto  been 
found  only  twice— once  in  the  Indian  Ocean  and  once  in  New  Britain.  Instead 
of  swimming  freely,  like  n  C'tenaphoran,  it  creeps  on  its  ventral  surface,  like 
a  worm.  In  the  centre  of  tile  dorsal  surface  is  a  vehicle  U.o.)  containing 
an  otolith  surrounded  by  eight  radiating  ridges  [r.r.),  alternating  with  which 
are  as  many  clefts  (<*/.),  each  containing  a  protrusible  row  of  stiff  processes, 
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resembbng  the  snimmmg  plales  of  Ctenophora.  The  inouth  is  in  the  centre 
of  the  lentral  surface  and  leads  into  a  stomach,  from  which  are  given  off 
numeroUH  anoatoinoBing  canals  aa  udl  oa  a  %erticBl  canal  which  paases  upwards 
and  ends  beneath  the  Bense  oigan  In  dnerticnla  of  this  eyatem  are  formed  the 
teEtes.  which  have  independent  ducts  opening  on  the  exterior.  There  are  two 
solid  tentacles  containeil  in  sacs,  and  a  nerve-centre  lies  beneath  the  sense-organ 
(ir.o.  |.  Beneath  the  ecto<lerm  is  a  lioaeuienC -membrane,  which  acta  aa  an  organ 
of  support,  and  the  muscular  system  is  complex.  Near  each  tentacle  is  an 
aperture  leading  into  a  branched  canal  which  ia  probably  excretory,  like  the 
nephridial  tnbea  of  fhit-worms. 

Cfloplana  is  found  in  the  Red  Sea.  It  it  also  fliittcned  dorso-ventrally,  but 
is  oval  instead  of  circular  in  outline,  its  dimeusiuna  lieing  about  0  by  4  mm.  It 
resemhlea  Ctenoplona  in  its  ventral  mouth,  dorsal  sense-organs,  paireil  retraotile 
tentacles,  and  complex  system  of  anaatomosing  canals  from  the  stomach.  There 
are.  however,  no  swimming- plates,  and  the  ectoderm  is  ciliated. 

Nothing  is  known  of  the  development  of  either  genus. 
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THE  RELATIONSHIPS  OF  THE  CCELENTERATA 

There  can  be  little  doubt  that  the  lowest  ccelentemte  form 
known  to  us  is  the  simple  hydrozoan  polype,  representeil  by 
Hydra  and  by  the  hydrula  stage  of  many  Hydrozoa.  Somewhat 
more  complex,  in  virtue  of  its  stomodaeum  .and  gastric  ridges  {ind 
filaments,  is  the  scjT)hozoan  polype,  represented  by  the  Sc}-phula 
of  Aiirelia.  Still  more  complex  is  the  actinozoan  polype,  or 
Adintda,  as  it  may  be  called,  with  its  large  stomodjeum,  mesen- 
teries and  mesenteric  filaments,  and  elaborate  muscular  system. 
Speaking  generally,  one  may  say  that  these  three  polype-forms 
represent  as  many  grades  of  organisation  along  a  smgle  line  of 
descent. 

The  medusa- form  in  the  Hydrozoii  is,  as  we  have  seen,  readily 
derived  from  the  hydrula  by  the  widening  out  of  the  tentacular 
region  into  an  umbrella.  We  may  thus  conceive  of  the  Trachy- 
linie,  or  hydroid  medusa?  with  no  fixed  zoophyte  stage,  as  being 
derived  from  a  pelagic  hydrula. 

The  Leptolinaj  may  be  considered  to  have  arisen  in  consequence 
of  the  adoption  of  asexual  multiplication,  by  budding,  during  the 
larval  or  hydrula  stage.  Instead  of  the  hydrula  giving  rise 
directly  to  a  medusa,  we  may  suppose  it  to  have  formed  a  temporary 
colony,  by  budding,  after  the  manner  of  Hydra,  the  individual 
zooids  being  ultimately  set  free  as  medusa\  The  next  stage 
would  be  the  establishment  of  a  division  of  labour,  in  virtue 
of  which  a  certain  proportion  only  of  the  zooids  became  medusa*, 
the  rest  retaining  the  polype-form,  remaining  pi^nnanently 
attached,  and  serving  for  the  nourishment  of  the  asexual  colony. 

The  Hydrocorallina  appear  to  be  a  special  development  i>f  the 
leptoline  stock,  the  nearest  affinities  of  the  onler  being  with  such 
forms  as  Hydractinia. 

The  Siphonophora  may  be  conceived  as  having  originatt^l  from 
a  hydrula  specially  m<xlified  for  pelagic  life  by  the  conversion  of 
the  bas.al  disc  into  a  flojit — sometning  after  the  ftushion  of  Minyas 
(Fig.  139).  In  such  a  form  extensive  budding,  accom])anit'(l  by 
division  of  labour,  would  give  rise  to  the  complex  siphonophoran 
colony. 

The  lowest  Scyphozoi\  are  the  Stauroniedusa^  some  of  which, 
however,  show  evidence  of  degeneration,  so  that  it  is  quite  possible 
to  conceive  them  as  having  been  derived  from  more  highly 
oifganised  forms,  instead  of  springing  directly  from  simple  polypes 
of  the  Scyphula  type.  The  Cannostonue,  Semostoma\  and 
Rhizostomo)  clearly  represent  three  gnides  of  increasing  c«»in- 
plexity  along  the  same  general  line  of  descent.     So  little  is  known 
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of  the  development  ol'  the  remaining  Scyphozoa  that  it  is  advisable 
to  leave  their  position  an  opfn  question. 

The  close  similarity  of  Edwardsia  and  the  Alcyonaria  in  the 
number  and  arrangement  of  the  mesenteries  seems  to  indicate  the 
derivation  of  both  Zoantharia  and  Alcyonaria  from  a  common 
ancestor  in  the  form  of  a  simple  actinozoan  polj-pe  or  actinula. 
Edwardsia  clearly  leads  us  to  the  Hexactintfe  or  typical  Sea- 
anemones,  and  the  Madreporaria  are  undoubtedly  to  be  looked 
upon  as  skeleton- forming  HexactiniiP. 

The  relationships  of  the  Ctenophora  to  the  other  Ctnlenterata  are 
ver)"doubtful.  Ctenaria.one  of  the  An thomedusas(  Fig.  9(i,/),  presents 
some  remarkable  resemblances  to  a  Cydippid,  such  as  Hormiphora. 
It  has  two  tentacles,  situated  in  opposite  per-radii,  and  each  having 
at  its  base  a  deep  pouch  in  the  umDrella  resembling  the  sheath  of 
Hormosira.  There  are  eight  radial  canals  formed  by  the  bifur- 
cation of  four  intcr-radial  offshoots  of  the  stomach,  and  corre- 
sponding with  them  are  eight  bands  of  nematocrats  diverging 
from  the  apex  of  the  ex-umbrella.  If  these  striking  resemblancer 
indicate  true  homologies  we  must  compare  the  whole  sub-umbrellat 
ca\"ity  of  Ctenaria  with  the  stomodfeum  of  Hormiphora,  the 
margin  of  the  bell  of  Ctenaria  with  the  mouth  of  Hormiphora, 
and  the  mouth  of  Ctenaria  with  the  aperture  between  the 
stomodiieuni  and  the  infundibulum  of  Hormiphora,  But.  as  we 
have  seen,  the  gullet  of  Ctenophom  is  a  tnie  stomodieum  de- 
veloped as  an  in-pushing  of  the  oral  ecttiderm,  and  has  there- 
fore a  totally  different  origin  from  the  sub-umbrella  of  a 
medusa.  Moreover  the  tentacles  of  Ctenaria  have  no  muscular 
base  contained  in  the  sheath,  but  spring  from  the  margin  of 
the  umbrella  as  in  other  Hydrozoa :  its  gonads  are  developed  in 
the  manubrium,  not  in  the  radial  canals,  and  there  is  no  trace  of 
an  aboral  sense-organ. 

On  the  other  hand,  the  resemblance  between  transverse  sections 


of  an  embryo  Ctenophore  ( Fig.  1 60,  B)  and  of  an  embryo  Actinian 

(A)  is  very  striking,  and  the  presence  of  a  well-developed  stomo- 
dOTim,  and  of  gonails  developed  in  connection  with  the  endoderm 
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and  dLscharging  their  products  through  the  mouth,  may  be  taken 
as  further  evidences  of  affinity  between  the  Ctenophora  and  the 
Actinozoa. 

The  special  characteristics  of  the  Ctenophora  are,  however,  so 
numerous  and  so  striking,  and  their  development  so  utterly  unlike 
that  of  any  of  the  other  Coelenterata,  that  m  our  present  state  of 
knowledge  it  is  impossible  to  determine  their  affinity  with  the 
other  classes  with  any  degree  of  certainty. 

As  to  the  orders  of  Ctenophora,  it  seems  tolerably  clear  that 
both  Lobata  and  Cestida  are  derived  from  cydippid  forms,  since 
they  both  pass  through,  in  the  course  of  development,  a  stage 
closely  resembling  the  lower  Cydippida.  The  Beroida  are  more 
highly  organised  in  certain  respects,  e.g.  in  the  details  of  their 
histology,  than  the  other  Ctenopnora,  and  it  seems  quite  possible 
that  they  may  be  derived  from  tentaculate  forms. 

These  relationships  are  expressed  in  the  following  diagram  : — 

Madrefioraria 
Hexachnia    / 


Cefth'da 


Alcyonaria 


Lobo^a 
Cyd.i^|»icLa 


BeroTda 


Edufordaia^  I 
RHizos^omdP 

Semo^^om<B    ACTINULA 


Cannofthomos 


S  haurom0du«Oi 


SCYPMULA 


Hydrocora 
Le^lincv 


HVDRULA 
Fu;.  101.— Dlagnim  illiMtmtiug  the  luutiuil  rcbitiuiishii*!*  of  the  Coelenterata. 

By  many  authors  the  SiX)nges  havi'  bi*en  looked  upon  as  so 
closely  related  to  the  Coelenterata  to  be  capiblo  of  being  regarded 
as  members  of  the  siime  great  phylum.  The  points  of  reseniblance 
are  readily  to  be  recognised:  the  simple  structure,  with  the  large  cen- 
tral cavity  into  which  a  wide  ojK^ning — the  mouth  or  the  osculum, 
as  the  case  may  be — leads  ;  the  absence  of  a  well-developed  meso- 
denn.  the  fi.xed  mode  of  life,  and,  associated  with  it,  the  tendency 
to  form  comjM>und  structures  or  colonies  by  a  process  of  budding. 
In  addition,  the  occurrence  in  both  groups  of  the  planula  and 
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gastrula  larval  stages  constitutes  an  important  connecting  link. 
But  a  closer  examination  of  the  subject  shows  that  some  of  these 
apparent  points  of  resemblance  are  superficial  only,  and  establishes 
a  number  of  diflferences  between  Sponges  and  Coelenterates  too 
important  to  allow  us  to  suppose  that  a  close  relationship  exists. 
One  of  these  differences  stands  out  beyond  the  others  as  the  most 
radical.  The  osculum  of  a  sponge  is  found,  when  we  trace  the 
development  of  the  larva,  to  correspond  in  no  sense  with  the 
mouth  of  the  coelenterate.  The  latter  corresponds  with  the  blas- 
topore or  gastrula  mouth.  In  the  Porifera  the  gastrula  mouth  is 
(Fig.  82,  p.  114)  found  in  all  cases  in  which  the  details  have 
been  made  out  with  certainty  to  become  applied  to  the  substratum 
when  the  larva  fixes  itself,  and  the  osculum  is  developed  at  the 
opposite  extremity  of  the  body.  This  alone,  apart  from  important 
differences  in  the  adult  structure,  such  as  the  presence  in  the  wall 
of  the  sponge  of  the  system  of  inhalant  apertures,  the  presence  of 
the  peculiar  collared  endoderm  cells,  and  the  absence  of  stinging 
capsules  would  suffice  to  remove  the  Sponges  from  the  Coelenterata, 
and  place  them  in  a  phylum  apart.  On  the  other  hand,  that  the 
Sponges  and  Coelenterates  were  originally  derived  by  a  common 
root  from  the  Protozoa — i.e.  possessed  a  common  metazoan  ancestor 
— is  rendered  very  probable  when  we  consider  the  similarity  that 
exists  between  the  members  of  the  two  groups  in  the  earlier  stages 
of  their  development. 

APPENDIX    TO   THE   CCELENTERATA 

The  Mesozoa. 

Tinder  the  designation  Mesozoa  have  been  comprised  certain  lowly  organised 
animal  forms,  formerly  supposed  to  afford  us  something  of  the  nature  of  a 
connecting  link  between  the  Protozoa  and  the  Metazoa,  but  now  more  generally 
looked  upon  as  degenerate  members  of  the  latter  sub-division.  It  has  been 
proposed  to  tenn  them  the  Planuloidea,  from  the  resemblance  which  they  bear 
to  the  Planula  larva  of  the  Ccelenterates. 

They  are  all  multicellular,  with  an  ectoderm  composed  of  a  single  layer  of 
cells  ciliated  in  whole  or  in  part,  and  an  endoderm  either  composed  of  a  single 
elongated  cell  or  of  several  cells  ;  a  mesogloea  is  not  represented.  The  Mesozoa 
comprise  three  families,  the  Dicyemiibf^  the  Heterocytmidity  and  the  Orthontctidif, 
all  the  members  of  which  are  internal  parasites. 

The  Dicyemidif  are  parasites  in  the  kidneys  of  various  Cuttle-fishes  and 
Octopi  {Cephalopoda).  The  animal  (Fig.  162),  the  length  of  which  is  between 
0*75  and  6  or  7  millimetres,  consists  of  a  head-part  and  an  elongated  body. 
The  form  of  the  head  varies  a  goo<i  deal,  according  to  age  :  in  young  specimens 
it  is  isotropic  (i.e.  symmetrical  aroun<l  the  long  axis) ;  in  the  a<lult  condition 
ventral  and  dorsal  sides  are  distinguishable.  It  consists  of  a  swollen  disc  of 
four  cells  and  a  ring  of  four  or  five  j)ole  cells.  The  cells  of  tht  head  all  bear 
cilia,  which  are  shorter  and  thicker  than  those  of  the  bo<ly  cells. 

The  body  consists  of  a  single  large  axial  endoderm  cell  and  of  a  single  layer 
of  ectoderm  cells,  which  completely  invest  the  axial  cell.  The  ectoderm  cells 
which  follow  immediately  on  the  head  are  distinguishable  from  the  rest  V)y  their 
granular  contents,  and  by  their  being  dilated  internally  in  such  a  way  that  the 
apex  of  the  axial  cell  is   oon«»tr!ct'Hl.      Ori<Hn«llv  nil    tho    eoto<lprm   op|l^    are 
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cubical ;  afterwards  they  become  drawn  out  so  as  to  be  more  spindle-shaped,  and 
at  the  same  time  become  bent  in  such  a  way  as  to  present  a  concave  internal  and 
a  convex  external  surface ;  the  latter  is  always  covered  with  long  cilia.  The 
two  most  posterior  are  usually  semi-cylindrical  and  surround  the  posterior  end 
of  the  endoderm  celL 

The  endoderm  cell  is  either  almost  completely  cylindrical  or  spindle-shaped. 
It  is  covered  in  its  entire  extent  by  ectoderm  cells.  There  is  a  differentiated 
cortical  layer,  beneath  which  the  finely  gianular  gelatinous  contents  are  at  first 
homogeneous,  but  afterwards  become  vacuolated.     In  the  middle  of  the  cell  is  a 


Kio.  1(^2.— Dlerema  paradoxtun, 
with  iuftwonfonn  embryos.  (Frum 
Bruno's  ThUrrtich.) 


¥ui.  Id3.— Dlcyenia  paradoxtun, 

with    vcnuiftinn    euibr\-«»t*.     (Kruin 
Brunn'n  ThUmich.) 


large  oval  or  ellipsoidal  nucleuR.  In  ad<lition  to  the  nucIeuR  of  the  endodcnii 
cell  itself  other  nuclei  also  occur  in  it ;  these  ure  the  nuclei  of  the  ijt  rm-c* lU. 

Two  forms  of  adults  are  to  l)e  distinguishes!,  tenne«l  n;si)ectively  the 
the  nematogene  and  the  rhomboyeue  :  the  former  (Fig.  Ifi3)  give  rise  to  itrmi/orm, 
latter  (Fig.  1 62)  to  %nfuMor\form  embryos.  The  rhomlwgenes  are  shorter  and  thicker 
than  the  nematogene  ;  the  number  of  ectoderm  celU  iH  Rnialler«  and  the  germ- 
cells  small  and  produced  endogenously  in  the  axial  cell,  insteiul  of  l)eing  formed 
in  special  cells  enclosed  in  the  axial.  The  rhomlK>gene  an<l  nematogene  forms 
may  be  phases  in  the  life-history  of  the  same  in<lividual ;  but  some  always 
possess  the  nematogene  form. 

The  first-forme*!  germ-cells  are  derived  by  cell-<livi8ion,  accompanies!  by 
mitosis,  from  the  nucleus  of  the  axial  cell.  Sul)8e*|uently  they  increase  in 
nmjb**-'  by  d»vi«i"n.      A   •rerm  de5»tine<l   to  give  rine  to  one  of   ^Vv  vcrnrfonu 
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emlirj-oa  goes  througli  a  process  aiiiiilm-  to  Begmenlatioii.  0£  the  cells  tliua 
fnrmed  one  gives  rise  to  Cbe  axial  cell  :  the  othera,  increusing  in  iiumben  anil 
becoming  smaller,  gradually  grow  over  the  axial  cell  until  they  at  length 
,iiuinii]etely  cnclone  it.  Thia  ^iroceu  is  a  simple  fumi  of  epiboly,  anil  the  pari 
which  is  ln«t  to  be  covered  by  ectoderm  cells  [the  posterior 
cndj  corresponds  to  the  blastopore.  The  embryo  inureaaes 
greatly  in  length,  and  escapes  from  the  interior  of  the  parent 
!>}'  perforating  the  body-walL 

The  germ  destined  to  give  rise  to  an  infuBorifonn  embryo 
likewise  undergoea  segmentatiou  and  epiboliu  gaatnilatiou. 
The  fully  formed  infuaoriforra  embryo  (Fig.  164)  ia  pear- 
shapeii,  the  broader  (head)  end  being  that  which  is  directed 
forward  in  swimmuig,  and  is  completely  bilaterally  ayinmetri- 
cal.  The  ectoderm  cella  enclose  an  axial  cell  contninuig  aeveral 
smaller  niu 111- nucleated  cells  which  can  be  ejected — apparently 
voluntarily.  The  fate  of  these  embryos  is  not  known  ;  it  has 
been  soggcBted  that  they  may  be  males,  and  that  the  cells 
thrown  out  may  he  male  cella. 

The  Ifeterocytmiriie,  wliich  are  also  parasites  of  the  Cephalopoda,  resemble  the 
IHcyeinids  In  moat  reapect«,  but  want  the  head. 

The  family  Ortlioneelidtr  comprises  only  one  genus — Rha/iaJnTn — with  two 
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iiBUBUy  rounileil  at  the  ends,  without  any  trace  of  bilateral  symmetry.  The 
body  U  divided  into  several  rings  or  segitieiita.  Beneath  the  sin^jle  layei-  of  cells 
•constituting  the  ectoderm  in  a  layer  of  niuHcular  fibres.  In  the  centre  is  a  mass 
«t  endoderm  cells.  There  are  distinct  male  (Fig.  183)  and  female  (Fig.  19«) 
individuals,  the  formet-  fusiform  in  shape,  the  latter  oval,  cylindrical,  or  com- 
presaed.  In  one  of  tlie  species  theie  are  two  different  forms  of  females,  the  one 
producing  only  male  young,  the  tatter  only  female. 

Motile  sperms  are  developed  in  the  interior  of 
tettit.     When  mature  these  pass  out  between  the  m 
«ells  disintegrate  and  the  sperms   es- 
cape,  the  animals  perishing.     In   the 
cylindrical  female  the  conical  anterior 

segment  of  the  body  becomes  separated 
off  from  the  rest  aa  a  sort  of  operculum, 

permitting  of  the  discliarge  of  the  ova. 

In  the  compressed  forms  the  body  be- 

which  the  ova  lie  embedded.     After 

impregnation   the  eggs   are  developed 

in  the  interior  of  protoplasmic  masseii, 

one  such  mass  in  Etouie  coses  containing 

only  male  or  only  female  eiiibr3'os,  in 

other  cases  iKtth.    The  male  ovum  (Fig. 

167)  divides  into  two  cells,  a  smaller 

»nd  H   larger  ;  the  latter  remains  for 

a   time    undiviiled,  but   sulieequentty 

segments  to  form  the  cells  of  the  endodenn.     The  fonner  at  once  diviiles  to  form 

a  number  of  small  cells,  which  grow  over  tlie  large  cell   to  form  a  continuous 

ectoderm  layer  by  a  process  of  epiboly.     Tliere  is  Home  discrepancy  l>etween  the 

statements  of  different  authorB  as  to  the  development  of  the  females  ;  but  there 

appears  to  be  unequal  segmentation  followed  by  epiboly.  the  peripheral  layer 

of  the  endoderm  afterwards  giving  rise  to  the  middle  tibrouB  stratum  (meawlerm). 
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like  sDininl,  SaliiieHa,  found  in  brackigh  wat«r  from  the  Argenlrine  Republic. 
Salinella  (Figs.  168  and  16S)  is  a  minute  animal  in  tlie  form  of  e.  somewhat  de- 
preaeed  cyliniler,  open  at  both  endB  and  with  a  wall  composed  of  a  single  layei- 
of  cells.  The  anterior  end  is  somewhat  pointed  ;  around  the  anteriur  opening  or 
mouth,  which  ia  ventrally  directed,  is  a  circlet  of  fifteen  to  twenty  long  whip' 
like  cilia.  The  posterior  aperture  (aniu},  which  is  usually  closed,  is  surrounded 
by  a  few  atitT  setsi;.  The  ventral  surface  is  flattened,  and  is  covere<l  with  fine 
vibratile  cilia,  while  on  the  dorsal  surface  ami  the  sides  are  regularly  arranged 
rows  of  straight  setw  (non-motile  cilia).  The  jnt«mal  cavity  (t»/*roii)  is  found 
to  contain  sand,  plant  fragments,  and  Bacteria ;  its  surface  is  beset  with  long 
cilia.  Multiplication  takes  place  by  transverse  fission ;  and  a  process  of 
coujugation  followed  by  encystation  has  also  been  observetl. 

Trickoplax. 
Another  aberrant  multicellular  animal  hivving  affinities  with  the  Protozoa,  and 
not  assignable  to  any  of  the  recognised  groups  of  the  Metazoa,  is  Trichopiax  {Fig. 
170).  Trichoplax  in  a  compressed  plate-like  boily  of  irregular  and  extremely  vari- 
able shape,  but  circular  in  the  resting  condition,  without  trace  of  radial  or  bi- 
lateral symmetry.  The  whole  surface  is  covered  with  cilia,  bv  means  of  which  the 
animal  performs  slow  glidmg  mo%ementi'  alwais  m  close  coutact  with  the  sub- 
stratum.     FreiiiientK   it  puti  forth  a  proLesB   or  more   thpn   ine.  which  may 


extend  to  a  consideral li.  distance  and  assume  a  variety  of  shapes.  There  ort.- 
three  distini.t  cell  labels — an  upper  epidermis  consisting  of  flattene<l  cells  closely 
united  by  their  eiiges  so  as  to  fonn  a  ajnc)tiuni  like  that  of  the  ectoilenn  of 
Sponges  ;  a  lower  epidermis  coinpoaed  of  pj  ramidal  cells  the  apiLes  uf  which  are 
produceil  and  unite  with  the  elements  of  the  middle  layer ;  and  a  inidiUe  layer 
of  spindle-ahapeil  or  slightly  branchetl  cells,  which  anastoniOKe  to  form  a  network 
containing  in  its  meshes  hyaline,  fluid  ground -substance.  In  aililition  to  their 
nuclei,  these  cells  of  the  middle  layer  enclose  several  kinds  of  highly  refracting 
granules  and  spherules.  There  are  no  stinging- cells,  and  no  trace  of  internal 
organs  of  any  kind.  Little  hyaline  papilla:'  which  appear  rounil  the  edges  may 
be  for  temporary  fiiiatioii.  Multiplication  by  simple  fission  has  alone  been 
observe<i. 

The  position  of  Trichoplax  and  of  the  nearly  allied  Tnploplax  is  <|uite 
uncertain.  It  cannot  be  a  hin-al  form,  as  it  has  been  kept  under  observation 
for  nearly  a  year  without  exhibiting  any  change.  It  is  possible  that  both  it  and 
Sa/intlia,  neither  of  which  have  been  observnl  in  ijuite  natural  circumstances,' 
may  be  Abnormal  modifications  brought  about  by  the  influence  of  exceptional 


'  Trichoplax  has  only  been  observed  in  marine 
water  in  which  salts  from  certain  saline  springs  i: 
dissolve!. 


SECjriON   V 

PHYLUM  PLATYHELMINTHES 

A  NUMBER  of  classes  of  Metazoa,  some  a  little,  others  very  de- 
cidedly, higher  in  organisation  than  the  Coelentemta,  are  commonly 
regarded  as  constituting  one  great  sub-kingdom  or  phylum — the 
Vermes  or  Worms.  The  groups  ordinarily  referred  to  the  Vermes 
differ,  however,  very  widely  from  one  another :  points  of  agree- 
ment, except  such  as  are  merely  negative,  are,  in  fact,  frequently 
hardly  recognisable:  and  rather  than  group  together  under  one 
common  designation  such  a  heterogeneous  assemblage  of  forms,  it 
seems  better  to  avoid  the  term  Verrnes  altogether  and  to  endeavour 
to  divide  the  "  worms  "  into  phyla  the  members  of  which  shall 
have  points  of  positive  resemblance  to  one  another.  The  four 
phyla  PlatyJielminthes,  Ncmathelminth/^s,  TrochelmirUhes,  Mollus- 
coidtty  and  Annulata,  with  their  appendices,  all  consist  of  forms 
which  are  or  have  been  comprised  in  the  Vermes.  They  differ 
from  the  Coelenterata  in  the  presence  of  three  well-developed 
body-layers — of  which  the  middle  one,  or  mesoderm,  is  of  relatively 
predominant  importance  :  and,  for  the  most  part,  in  the  much 
higher  stage  of  complexity  attained  by  the  various  systems  of 
organs.  The  first  four  phyla  present  no  metameric  segmenttition : 
in  the  Annulata,  metamerism  is  more  or  less  strongly  pronounced. 

The  Plati/helminthes  or  Flat- Worms  are  a  group  of  soft-boilied, 
bilateral,  usuallv  flattened  animals,  which  are  devoid  of  true 
metameric  segmentation  (p.  41).  With  a  sufficient  degree  of  uni- 
formity of  structure  to  render  the  phylum  a  fairly  compact  and 
well-defined  one,  there  is  yet  a  considerable  range  in  complexity, 
from  the  simplest  forms,  certain  of  which  have  been  supposed  to  be 
nearly  connected  with  the  Ctenophom  among  the  Coelenterata,  to 
the  highest,  which  have  all  the  various  systems  of  orgjms  very 
much  more  highly  developed.  The  body  is  built  up  from 
three  embrvonic  la  vers — ^^cfothnn,  viescxferm,  and  CTuioderm — as  in 
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all  higher  groups  of  animals.  An  excretory  vascular  system  of 
a  peculiar  kind — the  watcr-vascidar  system — is  present  in  all 
members  of  the  phylum.  A  body-cavity  or  coelome  (p.  279)  is  not 
present,  the  spaces  between  the  various  organs  and  the  wall  of 
the  body  being  filled  up  with  a  peculiar  form  of  connective-tissue 
termed  the  parenchyma.  The  egg  is  composite,  the  egg-shell 
enclosing  not  only  the  oosperm  or  impregnated  ovum,  but  a 
quantity  of  nutrient  material  or  food-yolk,  derived  in  most  in- 
stances from  a  special  set  of  glands,  the  yolk  or  vitelline  glands. 

The  main  features  which  distinguish  the  Platyhelminthes  from, 
the  Coelenterata  are,  the  pronounced  bilateral  sjTnmetry  with 
the  many  secondary  features  which  it  involves,  the  presence- 
of  a  middle  embryonic  layer  or  mesoderm,  and  the  non-occurrence- 
of  fixed  colonies  formed  by  budding. 

1.  Examples  of  the  Phylum. 
i.  A  Fresh-water  Triclad  (Planaria  or  Dendroccelum)} 

General  Features. — Species  of  fresh-w^ater  Planarians  of  the- 
genera  Planaria  and  Dendroeo^lum  are  common  in  the  mud  at 
the  bottom  of  ponds  of  fresh-water  in  all  quarters  of  the  globe.. 
They  are  small,  thin,  flattened  worms  a  few  millimetres  in  lengthy 
broader  at  one  end,  the  anterior,  than  at  the  other,  the  posterior^ 
which  is  more  or  less  pointed.  The  animal  (Figs.  171-173)  is- 
very  readily  recognised  to  be  bilaterally  symmetrical,  with  an  upper- 
or  dorsal  and  a  lower  or  ventral  surface,  right  and  left  borders,, 
and  anterior  and  posterior  ends.  The  colour  varies  in  different 
species  and  in  different  individuals;  but  is  usually  gray,  red,, 
brown,  or  black.  Movements  of  locomotion  in  the  direction  of  the 
long  axis  of  the  body  are  recognisable  in  the  living  animal.  Some- 
times this  is  a  steady  gliding  movement,  which  is  brought  about 
by  the  action  of  a  coating  of  vibratile  cilia  on  the  surface ;  some- 
times the  worm  moves  along  somewhat  after  the  fashion  of  a 
Leech,  the  ventral  surface  of  the  anterior  end  of  the  body  being 
of  a  sticky  adhesive  character,  and  performing  the  part  of  the- 
anterior  sucker  of  the  Leech. 

Close  to  the  anterior  extremity  on  the  dorsal  surface  are  two 
rounded  black  spots,  the  eyes  (Fig.  172).  On  the  ventral  surface,, 
a  considerable  distance  behind  the  middle  of  the  body,  is  the 
opening  of  the  mouth  (Fig.  171,  mo.),  and  further  back  still,  near 
the  posterior  pointed  end,  is  a  smaller  median  opening,  the  genital 
aperture  {Fig.  173). 

Digestive  System. — The  mouth  (Fig.  171, 7no.)  leads  through 
a  short  mouth-cavity  into  a  cylindrical  thick-walled  chamber,  the 

^  The  account  is  sufficieutly  general  to  apply  to  species  of  either  of  these: 
genera. 
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pharytui  (^A.),  which   is   highly  mobile,   and  is  capable  of  being 

thrust  tjiit  as  ii  proboseis   tnrough   the  mouth,   beyond  which  it 


Uaj  vytflVQia.  rj.  (>ji9iilnj(i  ipf  oxcrcUiry 
•jtlm:  <pil.  inlMllnc:  ma.  biuiiIIi  ; 
B./Jl.  opoiiingn(i)hiiryin,  (After  Jljimn 
Mid  tl<it>..'hcE.) 
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may    then    W-    extended     to    a    reliHivety 
When  retRU'ted  it  lies  within  an  enclosing 


iMidenible    tlistnnee. 
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cavity  of  the  pharynx  opens  in  front  into  the  intestine  (int.),  which 
ahnost  immediately  divides  into  three  narrow  main  branches,  one 
running  forward  in  the  middle  line,  the  other  two  running  back- 
wards. Elach  of  these  three  main  branches  gives  off  numerous 
smaller  branches,  which  in  turn  become  branched,  so  that  the 
whole  intestine  forms  a  ramifying  system,  extending  throughout 
the  greater  part  of  the  body ;  all  the  branches  terminate  blmdly, 
an  anal  aperture  being  absent. 

A  system  of  vessels — the  water-vettelt  or  vessels  of  the  exc^r- 
tory  system  {ex.) — sends  ramifications  through  all  parts  of  the  body. 
There  are  two  main,  considerably  coiled,  longitudinal  trunks,  right 
and  left,  which  open  externally  on  the  dorsal  surface  by  means  of 
several  minute  pores ;  in  front  they  are  connected  together  by  a 
transverse  vessel.  Each  main  trunk  gives  origin  to  a  number  of 
branches,  which  in  turn  give  oflF  a  system  of  extremely  fine  capillary 
vesselSy  many  of  which  terminate  in  flame^cells  (Fig.  203,  p.  253). 
A  flame-cell  is  a  nucleated  cell  having  in  its  protoplasm  a  small 
space,  into  which  one  of  the  capillaries  leads ;  in  this  space  lies  a 
bundle  of  vibratile  cilia,  or  a  single  thick  cilium,  which  performs 
regular  undulating  movements,  giving  it  somewhat  the  appearance 
of  a  flickering  candle-flame.  Cilia  also  occur  in  the  course  of 
some  of  the  capillaries.  This  system  of  vessels  is  usually  regarded 
as  excretory ;  but  it  may  also  have  a  respiratory  function. 

A  well-developed  nervous  Bystem  (Fig.  172)  is  present.  At 
the  anterior  end  is  a  central  knot  of  nerve-matter,  the  brain  {br), 
from  which  proceed  backwards  two  longitudinal  nerve-cords  (I.  ne.). 
The  brain  consists  partly  of  transverse  fibres  connecting  to- 
gether the  two  longitudinal  nerve-cords,  partly  of  groups  of  nerve - 
cells  situated  at  the  ends,  or  in  the  course  of,  the  nerve-fibres. 
The  nerve-cords  give  off  both  internally  and  externally  numerous 
transverse  branches,  which  divide  into  finer  twigs ;  the  internal 
branches  of  the  two  cords  frequently  anastomose,  thus  fonning 
commissures  or  connecting  nerve-strands  between  the  two.  A 
number  of  nerves  extend  fonvards  to  the  anterior  margin,  which 
is  highly  sensitive. 

Reproductive  System. — The  reproductive  organs  (Fig.  173) 
are  Jiermaphrodite  or  monoscioics  in  their  ari-angement,  both  male 
and  female  organs  occurring  in  the  same  individual.  The  genital 
aperture  leads  into  a  small  chamber,  the  genital  cloaca^  which 
is  common  to  both  the  male  and  the  female  reproductive 
systems. 

The  male  part  of  the  apparatus  consists  of  testes,  vasa  deferentia^ 
and  cirrus  or  penis.  The  testes  (to.)  are  numerous  rounded  glands, 
situated  ne^r  the  right  and  left  borders.  Two  ducts,  the  right 
and  left  vasa  deferentia  (v.d.\  run  backwards  from  the  neighbourhood 
of  the  testes  and  unite  in  the  middle  line  posteriorly.  The  median 
duct  formed  by  the  union  of  the  two  vasa  deferentia  traverses  a 
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protrusible  muscxilar  organ,  the  i 
the  genital  cloaca.     At  the  basi 
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irrus  or  jietits  (ji),  to  open  intti 
of  the  peniss,  where  the  vasa 
ditl'erentia  meet,  the  median 
canal  is  slightlv  en  laired  to 
form  a  roimded  dilatation,  the 
resicula  seminalis.  Into  the 
median  canal  open  the  narrow 
ducts  of  a  nuniDer  of  unicellu- 
lar glands,  the  prostate  ghiiJs 

The  female  pait  of  the  n-- 
productive  apparatus  consists 
of  ovaries,  oviducts,  riteUiiw 
'/lamis,  uterus,  and  inuscular  sne. 
The  orarUs  (cr.)  &tv  two  in 
number — suinll  rounded  bo<lies 
situated  near  the  anterior  end, 
each  connected  with  an  elong- 
ated duct,  the  oriiluct.  The 
two  oviducts  {o)t.)  unite  in>s- 
teriorl)'  to  fonu  a  short  median 
oiminun  oriiiiicl  ojjening  into 
the  genital  cloaca.  With  this 
cavity  are  connected  also  the 
uterus  {ut.),  a  nii-dian  rounded 
chamber,  and  a  thick-wnllcd 
muscular  Iwxly,  the  musculnr 
srtc  {III.).  Numen)us  branching 
tubes — thi'  viteiline  i/lant/s  {rit./ 
— open  into  the  oviducts. 

Reproduction  is  entiri'ly 
sexual.  The  niKspenu  is  en- 
clwed  within  a  protecting  case 
or  shell,  which  contains  nl.si) 
a  quantity  oi  fooil-yolh  (U-rived 
fn>m  the  vitelline  glands. 
AVhen  ihi-  lar\a  has  n-ached 
a  certain  slagi'  it  di'velops  a 
tem]»orary  larval  mouth  ami 
gullet  and  swaliiuvs  the  i;««l- 
yolk,  by  the  aid  of  which  it 
gniws  nk]iiiily.  The  lar\al 
mouth  <lis;k]i|ienrs.  ami  a  new 
one — the  permanent  mouth— is 
developed  in  its  place.  When 
has  assumed  the  chanicteristic 
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ii.  The  Liver-Flufee  (Disiomum  hepatic 


■n). 


Oeoeral  Featur«i. — The  Livcr-Fluke  of  the  Sheep,  which  is  to 
be  found  in  the  interior  of  the  larger  bile-ducts  of  the  infested 
animal,  is  a  soft-bodied  worm  of  flattened  leaf-like  shape  (Fig, 
175),  with  a  triangular  process,  the  kead-lobe,  [jrojecting  from  the 
broader  end.  The  synimetrv  of  the  jmrts  is  distinctly  bilateral  as 
in  the  Planarian.  Externally  the  body  is  quite  equilateral,  the 
right  and  left  |)ortion8  exactly  balancing  one  another,  but,  as  will 
a])pear  subsequently,  this  complete  symmetry 
iloes  not  extend  to  all  the  internal  organs. 

The  surface  is  devoid  of  vibintile  cilia,  but 
is  covered  with  innumerable  minute  Sjnnn/cn 
or  papillce,  which  are  i)rolongations  of  the 
homogeneous  external  layer  or  ciitick  in- 
vesting the  whole  animal.  At  the  extreme 
anterior  end  of  the  triangular  head-lobe  is 
the  small  ojtening  of  the  mmith  (nio.)  sur- 
rounded by  a  muscular  oral  miclca:  Some 
__  distance    back   on    the   ventral    surface,  just 

fio.  iTi—Diatomiuii  behind  the  head-lobe,  is  a  second  much  larger 
nwticain,  nsiiiiBi  posterior  sucker  {seh:).  Between  the  two 
iiore;».n.™iMth:n,.,-.  suckcrs,  but  rather  nearer  the  posterior  one, 
3r^OTUir'Im=i!«.'  is  a  median  aperture,  the  genUal  optning  {rcpr.), 
through  which  a  cur\'ed  muscular  process,  the 
eirrita  or  /nmj's  may  be  protruded.  In  the  middle  of  the  posterior 
end  of  the  body  is  a  uunuto  opening,  the  ciTretor;/  pore  (exrr.). 

Body-wall. — The  body-wall  (Fig.  I7G)  Ls  found  on  section  to 
comprise  three  layers: — (1)  A  homogeneous  cuticle  (cut.)  of  which 
the  spinules  (s/i.) are  special  developments;  (2) a  layer  of  circularly 
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disposed  muscular  fibres  {circ.  mvs.):  (3)  a  layer  of  longitudinal 
muscular  fibres  (long,  iniis.).  A  cellular  epidermis  is  wanting. 
Beneath  the  muscles  are  numerous  tinicellular  glatids  (y/.),  the 
ducts  of  which,  in  the  form  of  processes  of  the  celln,  open  on  the 
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outer  surface.  Internally,  the  interspaces  between  the  oi^ans  arc 
filled  by  a  peculiar  form  of  connective -tissue,  the  parenchyma. 

Digestive  Syitem. — The  mouth  (Fig.  177)'  leads  to  a  small 
rounded  bnlb-like  body,  the  phanjnx  {ph,),  with  thick  muscular 
walls  and  a  small  cavity.  From  this  a  short  passage,  thexsophayiis 
leads  to  the  intesline.  The  latter  (int.)  is  frequently  a  very 
conspicuous  structure,  owing  to  its  being  filled  with  the  dark 
biliaiy  matter  on  which  the  Fluke  feeds.  It  divides  almost  imme- 
diately into  ttto  main  limbs,  right  and  loft,  and  from  each  of 
these  are  given  oflT,  both  intemalTy  and  externally,  a  number  of 
blind  branches  or  c(eca,  those  on  the  inner  side  being  short  and 
simple,  while  those  on  the  outer  side  are  longer  ana  branched. 
The  two  limbs  of  the  intestine  with  their  branches  thus  fonn,  a-s 
in  the  Planarian,  a  complicated  system,  the  ramifications  of  which 
extend  throughout  the  whole  of  the  body.  There  is  no  apertui-e 
of  communication  between  the  intestine  and  the  exterior,  the  only 
external  opening  of  the  alimentary  .system  being  through  the 
mouth. 

A  branching  system  of  vessels— the  water-Teisels  or  vet-sels  of 
the  excretory  lyitem — ramify  throughout  the  boiiy.  A  longi- 
tudinal tiKiiii  trmik  opens  behind  by  means  of  the  excretory  pore 
already  mentioned  as  occurring  at  the  posterior  end.     In  frant  it 

fives  off  four  large  trunks,  each  of  which  branches  repeatedly,  the 
ranches  giving  off  smaller  vessels,  antl  these  again  still  smaller 
twigs,  until  we  reach  a  system  of  extremely  fine  microscopic  vessels 
or  eapillaries.  Each  of  these  ends  internally  in  a  slight  enlarge 
ment  situated  in  the  interior  of  a  large  cell,  an  excreto-y  cell  or 
flame-cell,  similar  to  the  flame-cells  of  the  Planarian. 

Q  2 


Oeneral  Feature! — Tho  Livor-Fluke  of  the  Shi;ep,  which  is  ti> 
be  foiinrl  in  the  interior  of  the  larger  bile-ducts  of  the  infested 
animal,  is  a  soft-bodied  worm  of  flattened  leaf-liko  shape  (Fig. 
175).  with  a  triangular  process,  the  hr.ad-lobe,  projecting  from  the 
broader  end.  The  symmetry  of  the  ports  is  distinctly  bilateral  as 
in  the  Planarian.  Externally  the  body  is  quite  equilateral,  the 
right  ^nd  left  piirtions  exactly  balancing  one  another,  but,  as  will 
appear  subsequently,  this  complete  aymmetrj- 
does  not  extend  to  all  the  internal  organs. 

The  surface  is  devoid  of  vibratde  cilia,  but 
is  covered  with  innumerable  minute  gpinules 
or  papilltE,  which  are  pnilungations  of  the 
homogeneous  external  layer  or  eitticJe  in- 
vesting the  whole  animal.  At  the  extreme 
anterior  end  of  the  triangular  head-lobe  is 
the  small  oi>ening  of  the  mmttk  (mo.)  sur- 
rounde<l  by  a  muscular  oral  micker.  Some 
distance  back  on  the  ventral  surface,  just 
behind  the  head-lobe,  is  a  second  much  lai-ger 
jiasterior  sucker  (sckr.).  Between  the  two 
.suckers,  but  rather  nearer  the  [wsterior  one, 
is  a  median  aperture,  the  genilal  opening  (rcj.T.), 
through  which  a  curved  muscular  process,  the 
cirnis  or  jxnis  may  be  protruded.  In  the  middle  of  the  posterior 
end  of  the  body  is  a  nnnute  opening,  the  e.vcTetory  pore  (raxr.). 

Bo(^-wall. — The  body-wall  (Fig.  176)  is  found  on  section  to 
comprise  three  layers:— (1)  A  homogeneous  riUicU  (cut.)  of  which 
the  spinides(-7'.)are  special  developments;  (2) a  layer  of  circularly 
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disposed  niiificiilur  libi-es  (ciir.  mas.):  (3)  a  layer  of  longitudinal 
utuscular  fibres  {long.  miis.).  A  cellular  epidermis  is  wanting. 
Beneath  the  muscles  are  numerous  unicellular  glands  (gl-X  the 
ducts  of  which,  in  the  form  of  processes  of  the  cells,  open  on  the 
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outer  surface.     Internally,  the  interspaces  between  the  organs  are 
filled  by  a  peculiar  fonn  of  connective- tissue,  t\\<i  ptn-endiyma. 

DlgMtiTe  8yttem.—The  month  (Fig.  177)'  leads  to  a  small 
rounded  bnlb-Iike  bo<iy,  the  ^jAhci/H'- (^>A.),  with  thick  muscular 
walls  and  a  small  cavity.  From  this  a  short  passage,  Vneasophagas 
leads  to  the  intestine.  The  latter  (int.)  is  I'retpiently  a  very 
conspicuous  stnictiire,  owing  to  its  being  filled  with  the  dark 
biliar}'  matter  on  which  the  Fluke  feeds.  It  di\i(ies  almost  imme- 
diately into  two  main  limbs,  right  and  left,  and  from  each  of 
these  are  given  off,  both  intemalh'  and  externally,  a  number  of 
blind  branches  or  twen,  those  on  the  inner  side  being  short  and 
simple,  while  those  on  the  outer  side  are  longer  anti  bnuiched. 
The  two  limbs  of  the  intewtine  with  their  branches  thus  fonn,  as 
in  the  FInnarian,  a  complicated  system,  the  nimiticntions  of  which 
extend  throughout  the  whole  of  the  body.  There  is  no  ajterture 
of  communication  between  the  intestine  and  the  exterior,  the  only 
external  opening  of  the  alimentary  system  being  through  the 
mouth. 

A  bninching  system  of  vessi-is — the  water-Tewels  or  losels  of 
the  excretory  ^tem — mmiJy  throughout  the  bmly,  A  longi- 
tudinal  tiKiin  trunk  o|)ens  behind  by  means  of  the  excR-tory  [Hire 
already  mentioned  as  occurring  at  the  ]>osterior  eml.  In  I'mnt  it 
gives  otF  four  laige  trunks,  each  of  which  bfiuiches  ri(n!itiilly.  the 
branches  giving  off  smaller  ves.sels,  and  these  again  still  smaller 
twigs,  until  we  reach  asystemof  extninely  fine  niiemscojjic  vessi'ls 
or  capilliiric:!.  E;ich  of  these  ends  inlemaiiy  in  a  slight  enlargt 
nient  situated  in  the  interior  of  a  large  cell,  an  •Mrdui-y  nil  ur 
_fiame-C€ll,  similar  to  the  fiame-cells  of  the  I'lanarian. 


into  the  intestine,  reaches  the  exterior  with  thi'  fiwes.  A  por- 
tion of  the  egg-shell  at  one  end  then  becomes  seimmted  off  aa 
a  sort  of  lid  or  cperculvm,  and  gives  exit  to  the  contained  embryo. 
This,  the  ciliated  mibri/o  (Fig.  179,  A),  is  a  somewhat  conical  body 
covered  all  over  with  vibratile  cilia,  and  with  two  spot«  of  pig- 
ment, the  tye-spots  {eye),  near  the  bi-oader  or  anterior  end.  whicn  is 
provided  with  a  triangular  head-lobe  (pop.).    There  is  no  vestige  of 
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internal  organs,  with  the  exception  of  a  pair  of  flame-cells.  The 
ciliated  lan'a  swims  about  in  water,  or  moves  over  damp  herbage 
for  a  time,  and  j>erishes  unless  it  happens  to  reach  a  Pond-snai! 
(Lymnao)  or  a  Land-snail  (ITdrr).  as  a  parasite  of  which  it  is 
alone  able  to  enter  u]mn  the  next  phase  in  its  life-history. 
When  it  meets  with  the  Snail,  the  embryo  bores  into  it  by 
means  of  the   head-lobe.      Established    in    the    interior   of    the 
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snail,  it  loses  its  ectoderm  and  grows  rapidly  into  the  form 
of  an  elongated  sac,  the  sporocyst  (Fig.  179,  -B),  with  an  in- 
ternal cavity,  with  remnants  of  the  eye-spots,  and  \vith  flame- 
cells.  The  sporocyst  may  divide  into  two  similar  bodies  by  a 
process  of  transverse  fission,  but  this  is  exceptional.  Eventually 
cells  are  budded  off  from  the  layer  that  lines  the  internal  cavity 
of  the  sporocyst,  and  these  undergo  a  process  of  segmentation 
similar  to  the  holoblastic  segmentation  of  the  impregnated  ovum, 
resulting  in  the  formation  of  a  morula,  which  becomes  converted 
into  a  stage  resembling  a  gastrula.  The  gastrula  elongates  and 
gives  rise  to  a  body  called  a  redia  (C),  which  begins  to  move  about, 
and  eventually  forces  its  way  out  of  the  interior  of  the  sporocyst. 
When  fully  formed,  the  redia  is  a  cylindrical  body  with  a  pair 
of  short  processes  (proc.)  near  the  posterior  end,  and  with  a 
circular  ridge  near  the  anterior  end  (C).  It  possesses  a  mouth 
leading  to  a  pharynx  and  simple  sac-like  intestine,  and  there 
is  a  system  of  excretory'  vessels.  In  the  interior  of  the  redia 
cells  are  budded  off  and  develop  into  gastnilae,  exactly  as  in 
the  case  of  the  sporocyst :  these  gastrulre  either  develop  into 
a  fresh  generation  of  rediae,  or  give  rise  to  bodies  termed 
cercaricc.  The  latter  (D)  are  provided  with  long  tails:  they 
have  anterior  and  posterior  suckers,  and  a  mouth  and  pharrax, 
followed  by  a  bifid  intestine.  An  opening,  hirth-o^yening  (h.  op.\ 
is  formed  in  the  wall  of  the  redia  near  the  circular  ridge,  and 
through  this  the  cercarite  escape ;  they  move  actively  by  means 
of  their  tails,  and  force  their  wav  out  of  the  body  of  the  Snail. 
They  then,  losing  the  tail,  become  encysted,  attached  to  blades 
of  gi'ass  or  leaves  of  other  herbage.  The  transference  of  the 
lanal  Fluke  in  this  stage  to  its  final  host,  the  Sheep,  is  effected 
if  the  latter  swallow  the  grass  on  which  the  cercaria  hjus  become 
encysted.  The  young  Fluke  then  escapes  from  the  cyst  and  forces 
its  way  up  the  bile-ducts  to  the  liver,  in  which  it  rapidly  grows, 
and,  develo})ing  reproductive  organs,  attains  the  adult  condition. 


iii.  The  Common  Tape-Wonn  of  Man  {Tccnia  solium). 

General  Features. — Tccnia  soliuvt  occurs  jis  a  jmi^site  in  the 
intestine  of  man.  It  has  the  fonn  of  a  naiTow  ribbon  (Fig.  180), 
which  may  attain  a  length  of  several  yanls,  attached  at  one  end  to 
the  wall  of  the  intestine,  the  remainder  hanging  freely  in  the 
interior.  Towai-ds  the  attached  end  the  ribbon  becomes  very  much 
narrower  than  it  is  towanls  the  opposite  end  :  and  at  this  narrower 
extremity  is  a  small,  rounded,  terminal  knob,  which  is  known  jus  the 
head  or  sif»h:r ;  the  rest  of  the  animal  is  tiTuied  the  hoihi  or 
strobila  ;  the  narrow  part  immediately  behind  the  head  is  stmie 
times  tenned  the  iu:ck\     The  attachment  of  the  Ta]H»-wonn  to  the 
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wall  of  the  intestine  is  slight  and  temporary ;  it  is  effected  by 

certain  nrgans  of  adhesion,  the  hooks  and  suckers  on  the  head. 

The  head  {Fig.  181)  maybe  roughly  described  as  pear-shaped,  but 
becomes  four-sided  at  the  broader  end.     In  the  middle  of  this 
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ipecluien,  reduced  ^  m 


broader,  anterior  end  is  a  rounded  prominence,  the  rostcUam,  round 
the  base  of  which  therf  is  a  double  row  of  usually  about  twenty-eight 
curved  antl  jwintcd  chitinous  hooks.  The  rostellum  is  cajmbli.-  of 
being  protruded  and  retracted  to  a  slight  extent,  and  the  position 
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when    the   rostellum   is   fully 
-e  directed  forwards,  and  may 
;  as  the  rostelliun 


of  the  hooks  varies   accordingly : 
retracted  the  points  of  the  hooka  i 
even  meet  in  the  centre  ; 
is  protruded  the  hooks  become  rotated  until 
their  apices  come  to  be  directed  backwards. 
Four   cup-shaped   suckers   project    slightly 
from    the    surface    behind    the    circlet    of 
hooks. 

The  body  or  strobUa  has  a  jointed  appear- 
ance, owing  to  its  being  made  up  of  a 
string  of  segments,  or  proglottides — about 
X50  altogether.  These  are  narrower  and 
shorter  in  front,  gradually  increasing  in  size 
towards  the  posterior  free  extremity.  The 
neck  or  part  immediately  following  the  head 
is  devoid  of  any  trace  of  segmentation.  The 
two  .surfaces  of  the  proglottides  are  not  to 
be  distinguished  by  any  differences  visible 
to  the  unassisted  eye;   but   that   side   to-  y^.^.  ^^^.^^,., 

wards  which  the  female  reproductive  organs 

are  more  nearly  approximated  is  regarded  as  the  rciilml,  the 
opposite  as  the  dmsnl  surface.  On  one  border,  sometimes  the 
right  so  net  n  e  the  left  f  each  proglott  s  a  littl  ]  r  nence 
the  gen  t(  I  papilla  on  h  ch  s  the  open  ng  fa  cni  ber  th 
genit  I  eloaca  nto  wh  ch  both  the  n  al  n  I  f  le  ej  r  xl  ct  v 
ducts  open 

An  eta     nat    n    f  ent   el     ng    anl    fpre^r  e  1  in  1     ta    ed 
Ta[>e  W   n        nl  r  th         cr    c  pe    h        (1)   hi     n     1  m     tarj 


system  is  not  present :  (2)  that  nervous  and  e.\crotorv  systems  are 
represented;  (3)  that  there  is  a  coinjiK'te  set  of  reproductive 
organs,  constructed  on  the  same  general  ]>lan  as  th.ise  of  the 
Liver-Fluke,  present  in  each  of  the  ]inigl"ttiilcs. 

The  nenroui  lyitem  eonsists  i.f   two  not   very  \vell-ilifine<l 
jnnyiiiT— united  by  a  broad  transverse  coiniiii>snre^n  the  head :  of 
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slender  nerves  passing  from  these  to  the  .suckei-s.  and  of  twn 
tonffitiuHnal  jwjtim  which  run  backwards  through  all  the  proglot- 
tides to  the  posterior  end  of  the  body.  The  ganglia  obviously 
correspond  to  the  ganglia  on  the  nerve-ring  of  the  Liver-Fluke, 

The  excretory  organi  consist  of  a.  richly  branched  sj'stem  of 
excrctorj' vessels.  There  are  four  wintn  (rKnA's  (Fig.  ^H3,call.excrd.), 
which  extend  throughout  the  entire  length  of  trie  body,  two  near 
each  lateral  margin.  The  two  pairs  of  longitudinal  vessels  are 
connected  together  in  the  head  by  a  ring-like  vessel,  and  in  each 
proglottis  near  its  pa=iterior  margin  by  a  straight,  transverse, 
connecting  branch.  Posteriorly  the  longitudinal  trunk  open.s  into 
a  pulsatile  caudal  reside,  communicating  with  the  exterior.  These 
main  trunks  of  the  excretorj'  system  give  origin  to  a  number  of 
branches,  and  these  in  turn  give  off  numerous  tine  canalicules,  or 
capillaries,  terminating  in  flame-cells  similar  to  those  of  Distomum 
heiKiticum. 

The  reproduotlTe  organs  (Fig.  18.3)  repeated  in  each  fully 
formed  proglottis,  aic  in  essential  respects  ver>'  similar  to  those  of 


111.  lKa.~A  pniglultls  of  TWDlA  aoUum  with 
ioniritiidliii]  cxcrotoTT  r.'uiaU  wilh  traiinvonif 
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the  Liver-Fluke.  In  the  most  anterior  proglottides  they  are  not 
develo[)ed ;  it  is  only  at  al>out  the  200th  proglottis  that  they  first 
appenr:  at  first  the  male  parts  of  the  system  are  alone  differen- 
tiate<l :  then  in  the  succeeding  proglottides,  tilt  we  approach  near 
the  jwsterior  extremity  of  the  body,  the  female  organs  are  like- 
wise developed.  In  the  most  posterior  segments  nnxlifications  and 
reductions  of  some  of  the  jwirts  take  place,  owing  In  the  great 
increa>*e  in  size  of  the  uterus.  The  male  ]>ortion  of  the  apparatus 
consists  of  the  tastes  with  their  efferent  ducts,  the  vits  deferens  (ini. 
d.ej.),  and  the  eirrus  or  jirnis,  with  its  sav.  The  tede^  consists  of 
numerous  rounded  lobes  situated  nearer  the  dorsiil  than  the  ventral 
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surface,  and  extending  throughout  the  greater  part  of  the  length 
and  breadth  of  the  proglottis.  With  each  lobe  is  connected  a  fine 
efftrtixt  duct ;  the  clucts  of  neighbouring  lobes  unite  together  to 
form  somewhat  larger  ducts ;  and  the  larger  ducts,  receiving 
numerous  tributaries,  eventually  open  into  the  inner  extremity  of 
the  va^  deferens^  or  main  duct  of  the  testis.  The  ins  deferens  is  a 
convoluted  tube  which  extends  outwards  towards  the  lateral 
margin  (right  or  left  as  the  case  may  be)  of  the  proglottis. 

The  terminal  part  of  the  vas  deferens,  which  is  somewhat  nar- 
rower than  the  rest,  traverses  a  narrow  protrusible  process,  the 
cirnis  or  penis,  and  opens  at  its  extremity  by  the  male  genital 
aperture.  The  cirrus  is  enclosed  at  the  base  by  a  muscular  sac,  the 
cirrus  sac. 

The  ovari/  (av.)  differs  from  that  of  the  Liver-Fluke  in  being  a 
paired  organ,  consisting  of  two  approximately  equal,  right  and 
left,  halves.  It  is  situated  towards  the  pastcrior  border  of  the  pro- 
glottis. Like  that  of  the  Liver-Fluke,  it  consists  of  a  number  of 
branching  tubes,  in  the  interior  of  which  the  ova  are  developed. 
From  opjKJsite  sides  these  tubes  converge  towards  the  median 
line,  where  they  open  into  the  oviduct.  A  yolk-gland  (gl.  vit,\  of  less 
relative  extent  than  in  the  Liver-Fluke,  consists  of  a  number  of 
minute  lobules ;  a  duct,  the  yolk-duct,  which  runs  for^-ard  from  it, 
opens  into  the  oviduct.  The  numerous  lobules  of  a  rounded  shell- 
gland  (schld.)  surround  the  yolk-duct  where  it  pa.sses  forward  to 
join  the  oviduct :  and  the  utej^us  {utei\)  o|>ens  into  it  at  this  point. 
A  short  distance  from  its  origin  the  oviduct  presents  a  dilatation, 
the  reccptaculum  seminis,  in  which  the  secretion  of  the  testes  is 
stored  during  copulation.  The  remainder  of  the  oviduct,  frequently 
known  as  the  vagina  {vag.)^  is  a  long  nan*ow  tube  leading  to  the 
female  generative  opening.  The  uterus  is,  in  the  segments  in  which 
it  first  makes  its  appearance,  a  simple  cylindrical  diverticulum 
of  the  oviduct ;  it  retains  its  simple  fi>nn  as  far  back  {\s  about  the 
600th  proglottis,  where  it  begins  to  branch,  the  ramifications 
increasing  in  extent  and  volume  in  the  jK^sterior  segments. 

The  testicular  secretion  (probably  from  the  same  ])roglottis> 
passes  in  the  act  of  copulatitm  along  the  vagina  to  the  reccptacu- 
lum serninis.  Here,  or  in  the  proximal  pirt  of  the  oviduct,  it 
fertilises  the  ova  as  they  ripen  and  become  dischargiHl  from  the 
ovary.  As  in  the  case  of  the  Liver-Fluke,  the  oosjKTm  projRT  be- 
comes surrounded  by  a  quantity  of  toiKl-yolk  develojHHl  in  the 
yolk-glands,  and  is  then  enclased  in  a  finn  chitinous  sholl  fonned 
for  it  by  the  secretion  of  the  shell-gland.  It  then  jwissi's  into  the 
uterus.  The  first  completed  eggs  are  found  in  the  uterus  in  some 
proglottis  between  the  400th  and  the  oOOth.  From  this  ])oint  back- 
wards they  rapidly  accunmlate,  until  the  aivity  of  the  utenis, 
which  now  becomes  branched,  is  filled  and  distended  with  them. 
Eventually  in  the  most  iM)sterior,  so-called  **  ri])e "  proglottides 
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(Fig.  184),  thf   uterus,  with  it.s  contiiint<l   (iccumuUit imi  of  eggs, 

becomes  so  large  as  to  fill  the  greater  jiart  of 

the  interior  of  the  proglottis,  the  remainder 
of  the  reproductive  apparatus  meanwhile 
having  hecome  absorbed 

Development. — When  the  ripe  proglottides 
:uv  dttiichiHi  they  pass  to  the  extenor  with  the 
liLTL'H  of  the  hoet.  For  a  time  they  exhibit 
movements  of  contraction.  The  embryoa  con- 
tained within  the  eggs  have  menutime  assumed 
the  form  of  rounded  bodies,  each  armed  with  six 
chitinoid  hooka — the  sir-hooked  or  htxnmtUk  em- 
hri/o  (Fig.  185,  A) — enclosed  within  two  mem- 
branes. If  the  proglottides  or  the  eggs  which 
have  escaped  from  them,  should  now  be  taken 
into  the  alimentary  canal  of  the  Pig,  which  forms  the  ordinary 
second  host  of  the  paraaite,  the  hooked  embryos,  becoming  freetl 


Fin.   IS9.— Dcnlgwueoc   ut  Tapeirom. 
tai^aaia .  C~S,  sta*™  In  [ho  lununlluu  i.f 
Um  bnaka  otirl  mickerf  hjirc  become  dvvelopeil ;  , 
■uakarn :  Aj  inniy  t^Ta^u1«d ;  F,  fully  dvn^iutwl 
a.  HMdai  u(  r.  tcmidi  with  nunaiiu  of  Ihe  vcalclg ; 
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from  their  coverings,  bore  their  way  with  the  aid  of  their  hooks 
through  the  wall  of  the  alimentary  canal,  and  reach  the  voluntary 
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muscles.  Here  they  increase  greatly  in  size,  and  develop  into 
rounded  cysts  with  a  large  cavity  filled  with  watery  fluid — the 
2>roscolex  stage  (B).  On  the  wall  of  the  proscolex,  at  one  side,  is 
formed  a  hollow  ingrowth,  or  invagination  (C) :  and  on  the  inner 
surface  of  this  are  developed  the  hooks  and  suckers  characteristic 
of  the  head  or  scolex  of  the  adult  (D).  When  these  are  fully  formed 
the  hollow  ingrowth  becomes  everted  (E),  the  suckers  and  hooks  thus 
coming  to  be  situated  on  the  outer  surface  (F).  The  whole  embryo 
has  now  the  form  of  a  bladder  or  vesicle,  ^vith  which  is  connected 
at  one  point  a  process  having  all  the  characters  of  the  head  and 
neck  of  the  mature  Taenia  solium  ;  this  is  the  bladder-worm  stage, 
or  Cysticermts,  If  a  portion  of  Pig  s  muscle  containing  Cysticerci 
which  have  not  been  killed  by  cooking,  is  taken  into  the  stomach 
of  Man,  the  bladder  is  thrown  off,  the  scolex  attaches  itself  to  the 
wall  of  the  intestine  by  its  hooks  and  suckers,  and  develops  the 
series  of  proglottides  of  the  adult  Tape- Worm. 

2.  Distinctive  Characters  and  Classification. 

The  Platyhelminthes  are  bilaterally  sMnmetrical,  usually  dorso- 
ventrally  compressed  animals,  devoid  of  hard  supporting  skeleton, 
either  external  or  internal,  and  devoid  of  metiimeric  segmentation  ; 
with  three  embryonic  layers — ectoderm,  mesoderm,  and  endoderm 
— entering  into  the  fonnation  of  the  b<xly.  A  body-cavity  is  not 
present.  There  is  a  system  of  excretory  vessels,  communicating  in 
the  majority  of  cases  with  the  exterior,  and  furnished  with  ciliary 
flames.  There  is  no  blood- vascular  system.  An  enteric  cavity 
may  be  absent,  may  be  rudimentary,  or  may  be  highly  developed : 
it  is  never  provided  with  an  anal  aperture.  The  completed  egg 
contains,  in  addition  to  the  oosperm,  a  quantity  of  yolk-matter, 
usually  in  the  form  of  definite  yolk-cells,  and  usually  produced  by 
a  special  set  of  yolk-glands.  Development  is  sometimes  direct, 
.sometimes  accompanied  by  a  metamorphosis. 

CLASS  I— TUEBELLARIA. 

Mostly  non-parasitic  Platyhelminthes  with  a  ciliated  cellular 
epidermis ;  with  a  digestive  cavity  (t*xcept  in  the  sub-division 
Ac(vla). 

Order  1. — Polycladida. 

Flattened  leaf-shaped  Turbellaria,  without  st'pirate  yolk-glands ; 
testes  and  ovaries  numerous ;  male  and  feinalf  genital  apertures 
usually  seimrate  :  intestine  complexly  bninched. 

Order  2. — Tricladida. 

Turbellaria  with  elongate  depressed  bo<ly  ;  with  numerous  yolk- 
j^lands,  two  ovaries,  numerous  ti»stes :    u  single  genital   a]H*rture : 
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intestine  consisting  of  a  median  anterior  division  and  two  lateral 
posterior  limbs  which  are  provided  with  side  branches. 

Order  3. — Rhabdoc(elida. 

Comparatively  small  Turbellaria,  with  the  body  usually  elongate 
and  cylindrical  or  compressed  :  with  simple,  or  nearly  simple,  sac- 
like intestine;  with  or  without  yolk-glands;  with  one  or  two 
ovaries  and  two  or  many  testes. 

CLASS  II.— TBEMATODA. 

Ecto-  or  endo-parasitic  Platyhelminthes  devoid  of  cilia,^  or  of  a 
cellular  epidermis  ;  -  with  a  well-developed  digestive  apparatus. 

Order  I. — Monogenetica. 
Mostly  ecto-parasitic  Trematodes  ;  with  direct  development. 

Order  2. — Digenetica. 
Endo-parasitic  Trematodes  with  complicated  life-history. 

CLASS  III.— CESTODA. 

Endo-parasitic  Platyhelminthes  without  cilia  and  without  di- 
gestive cavity,  the  animal  consisting  in  most  cases  of  a  rounded 
head  bearing  organs  of  adhesion  in  the  form  of  suckers  and  hooks, 
and  an  elongated  compressed  body  consisting  of  a  string  of  similar 
proglottides,  each  containing  a  complete  set  of  hennaphrodite 
reproductive  organs. 

Order  1. — Monozoa. 
The  body  not  divided  into  proglottides. 

Order  2. — Polyzoa. 
The  body  consisting  of  head  or  scolex,  and  string  of  proglottides. 

Systematic  Position  of  the  Kmnij^l^'s. 

Planaria  and  Deiulrocceluvi  are  genera  of  the  family  Planurida\ 
or  fresh-water  Planarians,  which  is  one  of  the  two  families  of  the 
order  THclaxlUla,  differing  from  the  other  family,  the  Gcoplanidcc 
or  Land  Planarians,  mainly  in  having  the  body  less  elongated  and 
more  dorso-ventrally  compressed. 

Distomum  hepaticum  is  one  of  the  very  many  species  of  the 
genus   Distomum,  which   is  distinguished  from  the   other   three 

1  Except  in  certain  species  of  Temnocephaia. 

'-^  Except  in  the  Ttmno€ej)hate(f;  And  Actinodactt/lella. 
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genera  of  the  family  l)istoiind(c  by  being  hermaphrodite  (two  of 
the  genera — BUharzia  and  KceUikena — having  the  sexes  distinct), 
and  by  having  both  anterior  and  posterior  suckers,  but  no  retractile 
tentacles  (present  in  the  genus  BJiopalojihorns).  The  Disfcmidm 
are  a  family  of  the  order  Diycnetim,  and  differ  from  the  remaining 
families  by  the  imion  of  the  following  characters : — The  anterior 
sucker  is  perforated  for  the  mouth ;  the  posterior  sucker  is  on  the 
ventral  surface  and  not  terminal ;  the  sexual  aperture  is  usually  on 
the  ventral  surface  and  in  the  anterior  third  of  the  body,  in  front  of 
the  posterior  sucker ;  the  eggs  are  almost  always  furnished  with 
an  opercuhmi. 

Tamia  solium  is  one  of  the  many  species  of  the  genus  Tania, 
of  the  family  T(niiada\  which  is  distinguished  from  the  other 
families  of  Cestodes  by  the  possession  of  four  suckers,  with  or 
without  a  circlet  of  hooks,  and  by  the  development  of  well-defined 
proglottides  which  become  separated  off  when  mature. 

3.  General  Organisation. 


( 


Oeneral  External  Features. — As  the  name  of  the  ])hylum 
lenotes,  the  body  in  the  Platyhelminthes  is,  in  the  great  majority 
of  cases,  much  compressed  in  the  dorso- ventral  direction  ;  very 
thin,  so  that  when  ver\'  short  it  mav  be  described  as  leaf- 
like,  or,  when  more  elongated,  as  ribbon-like :  or  thickish  in 
the  middle  and  becoming  thinner  towanls  the  margin.  Some, 
however,  have  the  body  comjiaratively  thick,  usually  with  a  certain 
amount  of  dorso- v€»ntral  compression ;  a  few  are  apj)roximately 
cylindrical  or  fusiform.  The  symmetr}'  is  always ////</ /c'?Yf/ (p.  41), 
the  radial  arrangement  of  parts  so  prevalent  in  thi*  C\elenterata 
and  primarily,  as  we  have  seen,  associated  with  a  fixed  or  stalked 
condition,  never  being  observable.  A  Flat-Worm  has  dorsiil  jind 
ventral  surfaces,  right  and  left  sides  or  bordei-s,  and  anterior 
and  posterior  ends.  The  anterior  end  is  that  which  is  <iirected 
forwanls  in  onlinary  locomotion:  it  usually  has  one  or  other  of 
the  characters  of  a  head-end  :  but  a  distinct  head  is  mrelv  dis- 
tinguishable,  and  the  mouth,  when  present,  is  usually  jilaced  some 
distance  back  on  the  ventml  surface. 

In  th(*  Tiirhellaria  (Fig.  18())  the  leaf-fonn  is  the  prevailing  one, 
a  general  shape  resembling  that  of  Planaria  being  v^rv  common. 
In  many,  however,  the  bmiy  is  greatly  elongated,  and  it  may 
assume  the  shape  of  a  thin  ribbon  with  puckered  edges,  as 
in  some  marine  forms:  or  mav  be  thickt'ued  an<l  band-like, 
as  in  the  Land  Planarians;  or  it  may  approtieh  the  shape  of 
a  cylinder,  as  in  some  Rhabdocceles.  A  head-region  is  not 
usually  distinct  :  but  there  is  always  sonitthing  to  mark  off 
the  anterior  from  the  posterior  end — a  difference  in  shai)e,  the 
presence  of  eyes,  and,  sometimes,  of  a  pair  of  short   tentacles ; 
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in  some  a  slight  constriction  st-paratfs  off  an  antLTJor  iobe,  on 
which  the  eyes  are  borne,  from  the  rest  of  the  body.  In  othei-s 
the  anterior  end  is  retractile,  and  may  be  everted  as  a  pro- 
boscis. The  mouth  is  never  at  the  extreme  anterior  end,  but 
always  ventrally  placed,  sometimes  behind  the  middle.  In  some 
Polycladida  there  Ls  a  large  ventral  sucker  ser\'ing  for  temporary 
fixation ;  and  in  some  Rhab<locoples  both  the  anterior  and  posterior 
ends,  though  not  provided  with  suckers,  are  adhesive,  so  that  the 
animal  ciui  loop  along  liko  a  Hydni  or  n  Cater  pi  liar.    There  is  never 
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any  estemal  appearance  of  segmentation,  though  in  at  least  one 
exceptional  instance  (Gunda  segmentaia,  Fig.  1 87)  the  internal  parts 
may  be  so  disposed  as  to  approximate  to  the  metameric  arrange- 
ment (pteudo-mdnincriam).  A  number  of  transverse  muscular  septa 
are  present,  imperfectly  dividing  the  body  internally  into  a  series  of 
segments ;  and  vaiious  internal  organs— intestinal  cceca,  gonads, 
transverse  commissures  of  the  nervous  system — are  arranged  in 
pairs  following  this  division.  A  few  multiply  by  budding,  and 
these  form  long  chains,  having  something  in  common  with  the 
string  of  proglottides  of  a  Cestode,  but  differing  radically,  as  will 
be  shown  later,  in  the  motle  of  development.  Colour  is  very 
genemi  in  the  Tiu'bellariiin.  though  some  are  transparent   and 
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colourless.  The  most  vivid  coloration  characterises  some  of  the 
marine  Planarians,  the  Rhabdocoeles  being  comparatively  obscure. 
The  surface  is  covered  with  a  coating  of  fine  vibraiile  cilia,  the 
vibration  of  which  subserves  respiration  as  well  as  (in  the  smaller 
forms)  locomotion.  Among  the  ordinary  cilia  are  frequently  dis- 
posed longer  whip-like  cilia  or  flagella,  likewise  motile ;  and  some- 
times non-motile  (sensory)  cilia  may  occur  here  and  theit;. 

The  Trematodes,  nearly  related  tt>  the  TurbeUarians  in  internal 
organisation,  resemble  them  also  in  external  form,  with  certain 
motUfications  connected  mth  a  parasitic  mode  of  life.  As  in  the 
latter  class,  the  leaf-shape  prevails  ;  an  elongated  form  also  occurs, 


TlMllltie  giiiniiii. 

though  more  raruly.  The  body  is  usually  thicker  and  more  solid 
than  in  most  Turbellaria.  The  anterior  end  is  distinguished  from 
the  posterior  by  its  shape,  by  the  arrangement  of  the  suckers, and, 
in  many  of  those  Treraatodes  that  are  external  pai-asites,  by  the 
presence  of  eyes.  Suckers,  present  in  the  Turbellaria  only  in  some 
of  the  Polycladida,  are  universal  in  their  occurrence.  They  are 
always  ventmlly  placed,  their  chief  function  being  to  fix  the 
parasite  to  the  surface  of  its  host  in  such  a  way  as  to  facilitate  the 
taking  in  by  the  mouth  of  animal  juices  and  epithelial  debris. 
Their  number  and  arrangement  vary  considerably.  There  are 
nearly  always  present  an  anterior  set  of  suckers  (or  a  single 
anterior  sucker  surrounding  the  m<Jnth)  and  a  posterior  set,  or  a 
single  large  posterior  sucker.  The  arrangement  already  described 
as  characterising  the  Liver-fluke  is  that  which  is  typical  in  the 
digenetic  forms :  u  single  aritt.-rior  and  a  single  |)osterior  sucker. 
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In  the  MoDogenetica  the  i^iickers  arc  uftvii  niuiv  numerous :  in  ibe 
family  Gyradtutt/lidtx,  (Fig.  180,  A)  there  is  no  tinUTior  sucker,  but 
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Hirfaa  nbuiii  th<  uitcrinr  twl :  -uinowUi;  (Hp.  ua>|vnu:  if,  iimj-  ^'l«i>':  />«.  phUTiix  : 
b.  tc«U>.  I),  fo/irrtaiami.  oi ,  IniHttiw  |  «.  ]>.  B*>iU>>l  P"  I  «.  moutli :  1^.  tiburrui :  •• 
UTkr>-;  I',  teaie*:  v.  titonu;  •.,  r.  rf.  tm  iltf «nai> ;  frr.TUciliDfl  iflatid*:  r*'.  <i,  vifBtllia*  duct*  . 
A  •iwroi-liwl  p.Mtably  UmnlT  ciinH(tlii«  ihe  \ttXrt  wiih  Uie  uTiduct.    (Kn«i  M,  Brnm.) 

at  the  posUrior  end  one  or  two  discs  arnit-d  with  hooks  :  in  the 
PolydoiKM-  (Fig.  IS!),  B)  then'  is  also  a  [josterior  disc  on  which  ftro 
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six  suckers  with  several  honks;  in  the  Temnocrpkaka-  (Fig.  J 90) 
there  is  uo  anteiior  sucker,  but  the  anterior  end  develops  a  row  ot 
adhesive  tentacles,  while  in  ActinoilaetyleUa  (Fig.  191)  a  series  ol 
margiDiil  tentacles  are  present  in  addition  to  Doth  anterior  and 
posterior  siickei*.     In  general  th(.'  nionr>genetic  forms,  being  ex- 


k 


temal  parasites,  require  more  powerful  organs  of  adhesion,  and 
have  the  suckers  better  developed  than  the  digenetic,  and  often 
armed  with  bristles  or  hooks.  The  suckers  are  used  also  in 
locomotion,  and  here  also  there  is  necessity  for  greater  develop- 
ment in  the  case  of  the  external  pai-aaites,  which  in  many  cases 
move  about  with  considerable  activity  after  the  looping  fashion  of 
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Leeches.  Save  in  two  exceptional  cases  {Tciniiscqihalri )  vibi-iitilo 
cilia  are  not  known  to  occur  on  the  surface  in  the  adult  condition ; 
in  some  there  are  groups  of  non-motile  cilia,  situated  on  little 
conical  elevations — the  tactile  cones.  Pigment  is  rare  in  the 
endoparasitic  Digenetics,  save  in  a  few  that  live  in  the  interior  of 
transparent  animals,  though  many  appear  colourefl  variously  by 


:>^ 
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Pin.  UL-ActtnOdactj-lelU.  '....  Uir 
dtht;  pA-  pboryni :  f-  i-,  t-*CBpt*cu! 
TBleuli  HiiilDaili.    {Alur  U«>ioU.) 


the  internal  oi^aus  shining  through  the  inuisliicintjlHxU  wall,  or 
are  stained  by  some  Huid  derived  from  their  host.  But  pigment 
is  found  in  Bome  of  the  ectoparasltie  forms. 

The  relationship  of  the  Oe»ioda  to  the  Trematoda  is.  as  iviil  W' 
subsequently  shown,  fairly  close  :  but,  though  there  are  connecting 
forms  between  the  two  elft«.se«.  the  sh«]>e  of  the  average  Cestode 


is  vet}'  dififerent  from  that  of  such  an  averagt;  Trt'inatode  as  tht 
Liver-fluke.  The  body  of  an  ordinary  Cestode  is  of  ^eat  length, 
sometimes  extending  even  to  a  good  many  feet, and  relatively  narrow, 
being  compressed  into  the  form  of  a  ribbon.  The  anterior  end 
is  attached  to  the  host  by  means  of  suckere  and  hooks  placed  on 
a  roundKl  lobe,  the  head  or  scohe,  connected  with  the  body  by  a 
narrow  part  or  Jtfd:     The  head  is  usimlly  rather  radially  than 


-Tatrar  by  uehos . 


bilat-erally  symmetrical,  with  four  suckers  and  a  circlet  of  hook.s. 
The  hooks,  when  present,  are  borne  on  a  longer  or  shorter  retractile 
process,  the  rostelliim,  the  long  axis  of  which  is  in  line  with  the 
long  axis  of  the  body.  In  Tetrarhynditts  (Fig.  192)  there  are  four 
ver)-  long  and  nan-ow  rostella  covered  with  hooklets. 

The  Cestoda  are  devoid  of  mouth,  and  in  most  of  them  the 
genital  apertures  are  marginally  placed,  so  that,  oxtemally,  there 
is,  except  in  the  case  of  a  few  in  which  the  genitjd  apertures  are 
not  marginal,  nothing  to  distinguish  the  dorsal  surface  from  the 
ventral.  The  body,  or  strdlnht,  which  is  narrower  in  front  than  it 
becomes  further  back,  is  made  up  throughout  its  length  of  a  scries 
of  segments,  or  proglottidex,  which  become  larger  and  more  dis- 
tinctly marked  off  from  one  another  as  we  jmss  backwards.    Ttenin 
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echinococmis  (Fig.  lO.'J)  is  I'xceptional  iu  possessing  only  three  or 
four  ]jrogli>ttir]e^.     In  a  fow  {Ligulu   imd   ite  jillieie — Fig.    104), 


XlKnlB.    <AIU-r  Lcuckliur 


though  thL'  body  has  the  nonnal   elungated  ribbon-like  form,  the 
its    an-   not   distinct,   antl    in    Carifcjihi/llcrtis    (Fig.   195), 


>l''  — OkrropkyllmiB  ■ 


(After  Leuckhut.) 


AmphiUva.  Ampinpli/difg  (Fig.  19G),  and   Arehigetee  (Fig.  197), 
(Monozwi).  scgiiientAUon   is  mtirely  abstnt.  the  whole  body   in 
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these  genera  citfisiating  of  a  single  proglottis.     Tin.'  suriiice  iii  the 
Cestodea  is  devoid  of  cilia,  and  there  is  no  pigment. 

Integument  and  Muscular  Layera. — In  the  Platyhel- 
minthes  in  general  there  are  integvmadary  layers  and  underlying 
layers  of  miisck,  which  are  more  high>y  differentiated  than  in  the 
Coelenterates.  But  considerable  differences  exist  between  the 
members  of  the  three  classes.  IntheTurbeIIaria(Fig.  198)  there  is, 
as  already  noticed  in  the  account  given  of  the  Planarian,  a  distinct 
'"'  -    ■       >      -         oi  a.  layer  of  cells,  most  of 

which  are  ciliated.  A  deli- 
cate etiticU  is  usually,  though 
not  always,  distinguishable, 
investing  the  epidermis  ex- 
ternally. In  one  family  the 
cuticle  is  developed,  along 
the  margin  of  the  body,  into 
a  series  of  chitinous  bristles. 
Among  the  ordinary  epi- 
ilennaT  cells  there  are  in  tne 
Polycladida  numerous  cells 
containing  short  rod-like 
bodies — the  rhabdites  {rh.); 
in  the  other  orders  of  the 
Turbellaria  these  rhabdite- 
forming  cells  are  sunk  deeply 
within  the  parenchyma,  and, 
in  the  Rhabdoccela,  have  very 
long  ducts,  formed  of  pro- 
cesses of  the  cells,  by  uieans 
of  which  the  rods,  together 
with  a  viscid  matter,  reach 
the  exterior  at  certain  points 
of  the  surface,  chiefly  around  the  anterior  extremity.  The  func- 
tion of  these  rhabdites  is  not  in  all  cases  certain ;  they  have  been 
supposed  to  add  to  the  sensitiveness  of  the  parts  in  which  they 
are  situated  after  the  fashion  of  hairs  or  nails,  or  to  have  a 
skeletal  function.  In  the  Rhabdfjcoela  and  Tricladida  they  un- 
doubtedly aid  in  adhesion,  and  probably  have  the  function  of 
assisting  in  the  entanglement  and  capture  of  food.  In  certain  of 
the  Turbellaria  stinging  cajwules  occur  similar  to  those  of  the 
Ccelenterata,  and  transition  forms  between  rhabdites  and  stinging 
capsules  occur  in  some  cases.  Ad/umve  cells  with  processes  also 
frequently  occur  in  the  epidermis.  Beneath  the  epidermis  is  a 
batemeTit  membrane  {b.  m.),  which  in  the  Polycladida  is  of  a  thick 
resistent  character,  and  contains  stellate  cells. 

In  a  small  number  of  the  Trematoda  three  distinct  layers  are 
distinguishable   in   the   integument — a   homogeneous.   i>r   nearly 


.  ....   juj    lungltudliuU   tjhisl'Ieh  ;    </■. 

dermis;  j.  L  m.  ibtemal  XotufitwdiniC 
kIvi  ;  p.  puraochyiaa ;  rh.  rtwbdittu ; 
c.  Aabdltu-fonalng  cella.    (After  Jljllnu.) 
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homogeDeous,  outer  cuiiek;  a  cellular,  or  at  least,  nucleated, 
epidermis,  and  a  basement  membratie ;  but  the  cellullar  epidermal 
layer  is  absent  as  such  in  the  adult  condition  in  the  majority  of 
the  Trenmtodes,  and  there  is  only  a  homogeneous,  non-nucleated 
outer  layer,  which  may  be  the  modified  epidermis,  or  may  be  the 
cuticle,  with  or  without  a  basement-membrane.  Shabdite-forming, 
aod  other  unicellular  glands  derived  fntm  the  epidermis,  are 
&Muently  present  beneath  the  integument. 

In  the  Cestodes,  as  in  the  majority  of  the  Trematodes,  no 
definite  epidermis  is  present.  The  external  layer,  sometimes 
diyided  into  two,  is  of  a  homogeneous  non-cellular  character,  and 
is  usually  termed  cuticle,  though  it  perhaps  partly  corresponds  to 
the  basement  membrane  of  other  groups.  Beneath  this  is  a  thin 
layer  which  appears  to  consist  of  elastic  fibres.  Beneath  this  again 
is  a  layer  of  fusiform  cells,  narrow  prolongations  of  which  pass  to 
the  surface.  It  is  possible  these  may  be  concerned  in  the  absoni- 
tion  of  nutrient  matter,  but  some  of  them  are  undoubtedly  of  the 
nature  of  nerve-cells  and  have  nerve-fibres  connected  with  them. 

The  muscular  layers  of  the  body-wall  varj-  somewhat  in  their 
arrangement  in  the  different  group  of  Platyhelminthes.  Most 
commonly  there  is  an  external  layer  of  circularly  arranged,  and 
an  internal  layer  of  longitudinally  arranged  fibres :  frequently 
layers  of  fibres  running  in  a  diagonal  direction  are  present  also. 

Characteristic  of  the  flat-worms  is  a  peculiar  form  of  connective 
tissue,  the  parenchyma  (Fig.  199),  mention  of  which  has  already 


been  made  in  the  descriptions  of  the  examplfs.  pri'.-'tiui 
varieties,  filling  up  the  interstices  between   the  ■u'gaiis- 
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unly,  in  some  iiistfviices,  very  uniall  spaces — sometinn-w  regarded  as  ! 
representing  the  body-cavity,  or  ctelmM,  which  we  shall  meet  with  | 
in  othei-  grou]>M  of  wonns.    Sometimes  the  parenchyma  appears  to 
•consist  of  distinct  large  colls  with  greatly  vacnolatc<i  protoplasm, 
with  interspaces  here  and  there  in  which  groups  of  rounded  cells 
are  enclosoa.     Sometimes  the  constituent  cells  run  together,  and 
the  parenchyma   then  appears  as  a   nucleated,  finely  fibrillatod, 
vacuolated   moss   in   which  the  boundaries  of  the  cells  arc  not 
recognisable.     Pigment  occurs  in  the  parenchyma  in  some  Rhab- 
doccele  Turbellanans   and   a   few  Monogenetic   Trematodes.     In  J 
some  Turbellaria — species  of   Convoluia  and   Vortea^ — the  paren- 
chyma contains  numerous  cells  enclosing  chlorophyll  corpuscles ; 
these  are  symbiotic  unicellular  Algte,  similar  in  their  mode  of  I 
:>ccurrc'nce  to  the  yellow  ceils  which  nave  been  referred  to  as  found  J 
n  the  Radiolaria.     Running  through  the  body,  for  the  most  part  I 
,n  a  dorso- ventral  direction,  are  numerous  slender  muscular  fibres,  J 
the  fibi-es  of  the  jMireneki/^tba  muscle ;  many  of  these  become  in-  -^ 
serted  externally  into  the  basement  membrane. 

Great  differences  exist  between  the  various  gnuips  u\'  Platy- 
helminthes  as  regards  the  development  of  tln'  alimentary 
■ystem,  differences  which  are,  broadly,  to  bo  ciun  laiid  with 
diiforences  in  the  mode  of  nutrition.  Some  of  the  Flal-wurms 
— -the  Turbellaria  and  some  of  the  Monogenetic  Trematodes —  J 
procure  their  food,  in  the  shape  of  small  living  animals  or  ve^-  1 
table  organisms,  or  floating  organic  d4bris,  by  their  own  active 
efforts.  Others — the  Digenetic  Trematodes  and  the  Cestodes — 
having  reached  a  favourable  situation  in  the  interior  of  their  host, 
remain  relatively  or  completely  passive.  An  alimentan,'  canal  is 
completely  absent  in  the  last-named  group,  nutrition  being  effected 
by  the  absoiption  of  digested  matter  from  the  interior  of  the 
animal  in  which  the  Cestode  lives.  In  alt  the  rest  of  the  Platy- 
helminthes  there  is  an  alimentary  canal,  which  never  opens  on  the 
exterior  by  an  anal  aperture.  All  the  Turbellaria  and  Trematoda 
have  an  alimentary  apparatus  consisting  of  two  well-defined  parts 
— a  muscular  pharynx  and  an  iiUestine.  The  pharynx  is  usually 
a  rounded  muscular  bulb,  but  is  sometimes  (some  Turbellaria)  of  a 
cylindrical  shape  ;  it  is  usually  capable  of  eversion  and  retraction. 
Actiiiodactylella  (Fig.  191)  is  exceptional  in  having  an  extensile 
proboscis  with  a  pin-shaped  style,  which  becomes  retracted  within 
the  opening  of  the  mouth.  Unicellular  ("  salivary  ")  glands  open 
into  the  pharynx  in  most  cases. 

The  month  is  always  ventral,  but  varies  greatly  in  its  position 
on  the  ventral  sur^e,  being  sometimes  central,  sometimes  behind, 
sometimes  in  front  of,  the  middle  of  the  length  of  the  body. 

In  the  most  lowly  organised  group  of  Turbellaria  the  ittUstint 
is  represented  merely  by  a  vacuolated  nucleated  ma.ss  of  proto- 
plasm without  lumen.     In   the  others  it  is  sometimes  a  simple 
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sac  (Bhabdocoele  Turbellaria  (Fig.  200).  a  few  Trvuial«<la),  with  or 
without  short  lateral  diverticula.  In  the  majority  of  the  Trematodes 
it  consists  of  a  pair  of  simple  canals :  but  in  some,  as  in  the  Liver- 


■i'.'rnii'&ivii.':  '.r' vUi.iih   >vi>iiiilili« : 
g  feiiuliia|iTtiirc.    (AfliT  V.'liliRilI.) 


rtuke,  there  is  w  jwiir  of  cannl-s  which  giw  'iff  muiiemus  bnuiehes. 
In  the  Polyelmlida  (Fig.  201)  then-  is  a  eciitntl  cavity  from  which 
numerous  branching  canals  are  given  "tl".  In  the  Trielailida  (Fig. 
202)   one    median    canal    jiasses    I'orwanls    lixnu    the    jiharynx, 
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aii'l  a  pair  of  canals  backwards  from  it,  all  three  giving  off  branchc!- 
which  again  branch.  In  some  Pdydttda  there  are  minute  pores, 
by  means  of  which  certain  of  the  canals  are  placed  in  coinnmnica- 
tion  with  the  exterior.  A  number  of  iinicelliilar  glands,  which 
probably  produce  a  digestive  secretion,  open  in  many  Treniatodes 
and  Rhabdocoeles,  at  the  junc- 
tion of  pharynx  and  stomach- 
intestine. 

A  bilateral  nervous  syitem 
i^i  developed  in  all  th<-  I'laty- 
helminthes.  Its  eleim-iits  nri' 
ncncjibres,  or  rather  ncnc-tules, 
ind  nerve-cells.  The  former  are 
tube  containing  a.  very  delicate, 
hneH  fibrillated,  niateriai.  The 
nerve -eel  Is,  which  are  usual  ly 
bipolar,  more  rarely  nni-  or  multi- 
pt  lar  lie  in  the  course  of  these 
tubes  with  the  contained  delicate 
material  of  which  the  substance 
f  the  cells  is  in  continuity.  The 
degree  of  development  of  a  cen- 
tral part  of  the  nervous  system, 
oi  brain,  varies  in  the  different 
groups ;  it  is  rudimentary  in  the 
furbellaria  Acoela  and  in  the 
Cestodes,  and  best  devek^ped  in 
omc  Polycladida  and  some  Jlono- 
j^enetic  Trematodes.  It  consists 
jf  numerous  nerve-tubes  which 
here  converge  from  the  various 
parts  of  the  body  and  paws  across 
trjm  one  side  to  the  other,  to- 
gether with  a  central  mass  of 
matter  similar  to  that  contained 
in  the  nerve- tubes,  and  a  number 
of  nerve-cells.  It  is  situated  in 
the  anterior  portion  of  the  body, 
almost  invanably  in  iironl  of  the 
mouth.  When  the  jieripheral 
part  of  the  nerv^oiis  system  is 
best  developed,  as  it  is  in  the  Polycladida,  the  Tricladiila,  and 
some  Tremato<ies,  there  are  three  pairs  of  longitudinal  71cm;- 
corth  running  backwards  from  the  brain  throughout  the  body, 
connected  together  by  frequent  transverse  connecting  nerves,  or 
commtssKin"*  To  these  there  are  sometimes  super-added  fine  net- 
works orpkjn.ics  of  nerves,  situated  superficially  under  the  dorsal 
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integument,  or  on  both  dorsal  and  ventral  surfaces.  Sometimes 
nerves  run  forwards  from  the  brain  as  well  as  backwards.  In  the 
Rhabdocoeles  and  some  of  the  Trematodes  the  whole  system  is 
simpler,  and  the  number  of  longitudinal  cords  fewer.  In  the 
Cestodes  there  are  two  longitudinal  trunks  which  run  throughout 
the  length  of  the  body,  and  are  connected  together  in  the  head  by 
u  commissure  which  represents  the  brain  of  other  Platyhelminthes. 

In  addition  to  the  tactile  cones  of  some  Trematodes  and  the 
sentory  cilia  of  the  Turbellaria,  already  referred  to,  the  sensory 
organs  of  the  Platyhelminthes  are  the  eyes  and  the  octocysta. 
Eyes  occur  in  the  Turbellaria  and  some  Monogenetic  Trematodes, 
but  are  wanting  in  the  Digenetic  Trematodes  and  in  the  Cestodes. 
In  some  of  the  Polyclada  they  are  extremely  numerous,  collected 
into  groups  over  the  brain,  and  frequently  arrangeil  also  round  the 
margin  of  the  body.  In  the  Rhabdocoeles  and  Monogenetic 
Trematodes,  they  are  much  less  numerous — usually  two  or  four. 
In  some  cases  each  eye  simply  consists  of  a  pigment  spot ;  to 
this  may  be  added  a  refractive  body.  When  most  highly  de- 
veloped the  eye  is  still  of  very  simple  structure,  consisting  of  a 
cup  of  pigment  enclosing  refractive  bodies,  and  having  nerve- 
cells  in  close  relation  to  it.  The  otocysls  are  sacs  containing 
otoliths  of  carbonate  of  lime.  The  function  of  these  bodies,  which 
occur  only  in  a  small  number  of  the  Turbellaria.  is  unknown ; 
there  is  no  sufficient  evidence  that,  as  their  name  is  meant  to 
imply,  they  are  organs  of  hearing. 

The  only  TMCUlar  system  present  in  the  Platyhelminthes  is  the 
system  of  tvater-vessels  which  are  commonly  regarded  as  perform- 
ing an  excretory  function.  The  arrangement  of  these,  the  mode 
of  ending  internally  of  the  finest  branches, 
and  the  way  in  which  the  system  com- 
municates with  the  exterior  vary  some- 
what in  the  different  groups.  A  series 
of  main  longitudinal  trunks  give  off 
branches  which  subdivide  to  form  a  system 
of  minute  interlacing  branches  or  capil- 
laries. In  little  spaces  at  the  ends  of  the 
capillaries  are  a  number  of  highly  charac- 
teristic structures — the  dliart/  fiamcs.  Each 
ciliary  flame  consists  of  a  bundle  of  vibra- 
tile  cilia  ;  typically  each  is  situated  in  the 
interior  of  a  cell— the  Hanie-ceil  (Fig. 
203) — terminating  one  of  the  capillary 
branches.      The    finer    branches,   and    in  '"""^-    ■■"'«  '-''nf.) 

some    cases    the   larger   trunks  also,   aru 

intra-cfllular,  and  arc  to  be  looked  u|)on  :is  perfoi-ations  in 
linear  rows  of  elongated  cells.  In  the  CVstixla,  at  least  the 
larger  trunks  are  inter-cellular,  being  lined  by  an  ejiithelium  of 
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ainali  cells.  This  system  of  wat^v- vessels  opens  un  the  exterior 
in  ft  variety  of  different  waj's :  sometimes  it  opens  by  a  number 
of  minute  pores ;  sometimes,  as  in  the  Liver-fluke,  there  is  a  single 
posterior  aperture;  frequently  there  are  two.  In  the  Tricladida 
there  are  two  longitudinal  canals  which  open  on  the  exterior 
through  special  branches  by  a  series  of  pores.  In  the  Rhabdoccelida 
there  are  either  two  longitudinal  main  vessels  or  a  single  nii'dian 
one ;  the  communicatitm  with  the  exterior  in  the  former  case  may  , 
be  by  a  pair  of  ventral  apertures,  or  indirectly  through  the 
pharynx  ;  or  there  may  be  a  common  short  passage  in  which  the 
two  trunks  unite,  opening  by  a  posterior  median  aperture.  When 
a  single  main  IriinK  is  present  it  opens  at  the  posterior  end  of 
the  body.  In  the  Trematodes  there  are  two  principal  longitudinal 
trunks,  which  either  unite  behind  to  open  at  the  jmsterior  end  of 
the  body,or(Monogenetica)  remain  separate  and  open  independently 
on  tho  dorsal  surface,  L-ach  having,  where  it  opens,  a  contractile 
excretorji  sac. 

In  the  Cestodes  thoi-e  are  usually  four  longitudinal  trunks,  which 
open  through  a  contractile  excretory  sac  at  the  posterior  end  of 
the  body.  In  many  cases  it  has  been  shown  that  tho  main  trunks 
communicate  with  the  exterior  at  inten\ils  by  means  of  fine  canals. 
The  excretory  sac  is  thrown  off  when  the  last  proglottis  becomes 
separated  off  and  does  not  in  most  cases  become  renewed,  though 
in  at  least  one  species  of  Tape-worm  (Twnia  eucwmeriiut),  a,  new 
vesicle  is  developed  again  and  again  at  the  end  of  the  body  as  a 
fresh  segment  is  thnjwn  off.  The  main  trunks  are  connected 
together  by  a  Hntf  vessel  in  the  head  and  by  a  tmnsrtrse  hranch 
in  each  proglottis,  and  where  the  latter  originate  from  the  main 
trunks  are  valves  formed  by  folds  nf  the  wall  of  the  vessel. 

The  sexes  are  united  in  all  the  Plfltyhelminthes,  with  only 
one  or  two  exceptions,  and  the  reprodactlTe  organB  are 
sometimes  somewhat  complicate*! — presenting  a  remarkable  ad- 
vance on  those  of  the  Ccelenterata.  The  male  part  of  the 
apparatus  consists  of  frslrs,  with  their  ducts,  the  vasa  dr/erenfia,  often 
with  a  contractile  terminal  enlargement  or  vesicitla  seiiiinalis,  a 
dmta  or  j^nis,  and  often  ^rostttte  or  granule  glaitds.  The  female 
part  comprises  omrtf  or  omries,  reeeptaeulum  seminjs.  oviduct,  itfenu 
or  ootype,  often  a  huraa  copulatnx,  shell  glands,  tntcllitte  or  i/olk 
glands,  and  cemeni  glands.  In  most,  though  not  in  all,  there  is  an 
acarg  or  ovanes  in  which  the  ova  are  formed,  and  a  set  of  vitelline 
glamU  or  yolk  glands  producing  material  which  surrounds  each  of 
the  mature  impregnated  ova  before  it  becomes  enclosed  in  its 
shell.  The  sliell  glands  secrete  the  chitinoid  substance  of  the  egg 
shells,  The  cement  glands  secrete  a  viscid  material  for  causing 
the  eggs  to  adhere  together,  enclosing  them  in  a  cocoon  or  listen- 
ing them  to  sfjme  foreign  body.  The  oviduct  is  the  passage  by 
which  tho  ova  reach  the  e-^teriur  from  the  ovary,  but  an  entailed 
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part  of  this  passage,  into  which  (usually)  the  shell  glands  and 
the  ducts  of  the  vitelline  glands  open,  is  termed  utems  or  ootype, 
while  a  terminal  portion  leading  from  the  uterus  towards  the 
exterior  is  known  as  the  vagina.  The  uterus  receives  the  ova 
with  their  investing  yolk  matter,  and  retains  them  frequently 
for  some  considerable  time  while  the  shell  is  being  formed  and 
the  earlier  stages  of  development  are  proceeding :  often  the  uterus 
is  found  to  contain  large  numbers  of  ova,  each  enclosed  in  its 
chitinoid  shell,  in  other  instances  it  may  enclose  only  one  egg 
at  a  time.  The  vagina  is  sometimes  a  copulatory  apparatus  for 
receiving  the  penis,  and  is  often  provided  internally  with  homy 
spines  or  teeth ;  sometimes  a  special  sac  or  bursa  copulatrui\  lined 
with  spines,  acts  as  the  female  copulatory  organ.  A  sac  opening 
into  the  distal  part  of  the  oviduct,  or  that  most  remote  from 
the  genital  opening,  is  termed  receptaadum  seminis  or  rcceptaculuvi 
vitelli  (Fig.  190,  r.v.)  according  as  it  serves  as  a  reser\'oir  for  the 
semen  received  in  copulation  or  for  the  vitelline  matter  or  yolk. 
Male  and  female  ducts  sometimes  have  separate  and  independent 
openings ;  but  very  commonly  there  is  a  common  chamber  or 
genital  cloaca  into  which  both  lead,  opening  on  the  exterior  by 
a  single  aperture. 

In  the  Polyclad  Turbellaria  (Fig.  201 )  the  testes  are  numerous, . 
and  there  are  a  corresponding  number  of  fine  tubes  which 
combine  to  fonn  the  two  vasa  deferentia  leading  to  the  male 
aperture  with  its  j>enis.  The  ovaries  consist  of  numerous  small 
rounded  masses  of  cells,  and  there  are  no  separate  yolk-glands. 
Numerous  narrow  oviducts  lead  from  the  ovaries,  and  unite  to 
form  larger  ducts;  these,  in  turn,  open  into  elongated  uteri,  in 
which  numerous  eggs  collect.  The  uteri  open  into  a  median 
vagina,  into  which  the  ducts  of  the  shell  glands  open,  and  in  which 
the  eggs  receive  their  chitinoid  investment. 

In  the  Tricladida  (Fig.  202)  there  are  also  numerous  testes,  but 
the  fine  tubes  connecting  them  with  the  two  vusit  (hfernitia  are 
absent.  There  are  only  two  ovaries,  situated  far  forwanls,  but 
numerous  yolk  glands.  Two  oviducts,  into  which  the  yolk  is  dis- 
charged from  the  yolk  glands  by  a  series  of  lateral  aj)ertures,  lead 
from  the  ovaries  to  unite  in  a  median  chamber  or  uterus  receiving 
the  ducts  of  the  shell  glands. 

In  the  Rhabdocceles  (Figs.  200  and  204)  there  are  usually  only 
two  testes  and  two  v«asa  defereiitia  leading  to  the  unjKiired  male 
aperture  at  the  extremity  of  the  ciiTus.  The  prostnfc  or  fjranvle 
glands — a  set  of  unicellular  glands,  which  secrete  round  bright 
granules  destined  to  mix  with  the  spenns — are  sj)t»cially  well 
developed  in  the  Rhabdoca4es,  though  present  in  some  other 
Turbellaria,  and  in  certain  Trematodes.  Ovaries  alone  are  present 
in  some,  ovaries  and  yolk  glands  in  others  ;  there  are  either  two 
ovaries  or  one  only. 
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The  Treinatodes  nearly  all  have  two  testes,  aometiines  compact 
sometimes  branched ;  in  a  few  instances  there  are  four.  The  vasa 
deterentia  unite  inttJ  i\  median  duct,  which  is  dilated  at  the  baj^e 
of  the  penis  to  fomi  a  vesicula 
seininalis.  There  is  a  single 
oval  or  branched  ovary,  and 
two  sets  of  vitelline  glands.  A 
canal  termed  Laurer's  canal 
leads  ftxira  the  exterior  to  the 
oviduct  or  vitelline  duct. 

In  the  ordinary  Cestodea 
each  segment  or  proglottis  con- 
tains a  set  of  reproductive 
organs  similar  to  tnose  of  a 
Trematode.  There  may  be  a 
single  genital  aperture  leading 
into  a  genital  cloaca  into  which 
both  male  and  female  ducts 
open;  or  the  male  and  female 
apertures  may  be  distinct 
though  close  together.  The 
testis  is  divided  into  a  number 
of  minute  lobes,  from  which 
proceed  a  number  of  fine  canals, 
joining  together  to  form  the 
vas  deferens,  at  the  extremity 
of  wliich  is  the  chltinous  cirrus. 
There  are  two  ovaries,  and 
either  a  single  vitelline  gland, 
or  two.  One  or  two  vitelline 
ducts  and  the  two  oviducts  open  into  the  ootype,  from  which 
the  vagina  leads  to  the  external  aperture.  There  is  in  the 
Cestodes  a  uterus  distinct  from  the  ootype  in  the  form  of  a  diver- 
ticulum of  the  latter  into  which  the  eggs  are  received;  this 
becomes  greatly  enlarged,  lobed,  and  branched  in  the  "ripe" 
posterior  proglottides,  so  that  it  soon  becomes  by  far  the  most 
conspicuous  part  of  the  reproductive  apparatus — the  rest  eventually 
becoming  absorbed.  In  BotkriocephalvB  and  its  allies  the  uterus 
has  an  independent  duct  of  its  own.  opening  at  some  distance 
from  the  common  genital  aperture ;  in  Caryiiphyllctus  this  uterine 
duct  joins  the  vagina. 

The  dsTelopment  of  some  ofthePlatyhelminthes  (Rhabdoccela, 
Monogenetic  Treinatodes)  is  direct — i.e.,  not  complicated  by  the 
occuiTence  of  a  metamorphosis ;  in  the  Digenotic  Trematodes,  the 
Cestodes,  and  some  of  the  Flanariaus  a  metamorphosis  occurs. 

The  ovum  of  a  Polyelad  (Fig,  205)  on  impregnation  divides 
first  into  two  eiiual  (tarts,  then  into  four.     From  each  of  these 
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four  cells  is  then  separated  off  &  sin&ll  cell.  The  embrjo  at 
this  stage  consists  of  eight  cells,  four  large — the  megameres,  and 
four  small — the  mto-cmierea.  The  four  raicromeres  increase  rapidly 
by  division,  and  extend  over  the  embiyo,  forming  a  layer,  the 
erfaferm,  completely  covering  it  in  all  parts  except  for  a  median 
fissure,  the  hlastopore,  which  runs  along  what  is  destined  to  become 
the  middle  ventral  line:  this  soon  closes  up.     The  ectoderm  cells 


soon  develop  n  coating  of  ciliii.  The  four  niegaimres  then  give  off 
four  more  small  cells  or  micromeres.  which  increase  in  number  by 
division,  and  eventually  form  the  middle  layer  or  mesodena  of  the 
embryo.  The  moganieres  give  off  a  numbir  of  additional  micro- 
meres, which  fonn  the  endalcrm  lajer. giving  liso  to  the  epithelium 
of  the  intestine ;  finally  they  become  ilisintegruti-d,  and  their  sub- 
stance goes  to  nourish  the  cells  of  the  developing  embryo.  The 
process  by  which  the  gi-nninal  layers  \\u\v  become  fonned  is,  as  in 
the  Ctenophom  (p.  205),  a  pri>cess  of  i-pH-olic  gaatruhtion,  and  is  t() 
VOL.  I  s 


be  contrasted  with  the  embolic  gastrulation  of  Sycoii  (p,  114).  In 
many  cases  the  embrj'O  develops  into  a  characteristic  larval  form 
known  as  MuIUt's  lama  (Fig.  206).  It  assumes  an  oval  shape,  with 
a  series  of  eight  elongated  processea,  covered  with  long  cilia,  and 
connected  together  by  a  ciliated  band.  There  are  eye-spots  at 
the   anterior  end,   aiid    a   month  in   the   middle   of  the  ventral 


surface.  The  fonii  of  the  body  alter*  after  a  time,-  becoming 
gradually  longer  and  flatter,  and  the  arms  become  gradually  re- 
duced in  length,  till,  eventually,  they  become  completely  absorbed. 

Little  is  known  of  the  development  of  the  Rhabdocteles  or  of 
the  Monogenetic  Trematodes:  m  both  gioups  development  is 
direct,  and  in  many  the  young  animal,  when  it  escapes  from  the 
interior  of  the  egg,  has  already  assumed  the  form  of  the  parent. 
GjTodactylufl  (Fig.  189,  A)  is  peculiar  in  being  viviparous  :  before 
the  embryo  ia  bom  a  second  has  become  developed  in  its  interior 
and  a  third  in  the  interior  of  that  again.  Even  more  remarkable 
is  the  case  of  Diphzoon,  in  which  two  young  animals  become  fused 
together  to  form  a  double  mature  individual. 

An  account  has  already  been  given  (p.  230,  Fig.  170)  of  the 
development  and  metamorphosis  of  the  Liver-Fluke  (Diaionmm 
hepcUicum),  which  may  be  looked  upon  as  t}'pical  of  the  Digenetic 
Trematodes  in  general. 

Ab  in  the  majority  of  the  Platyhelminthes,  the  egg-shell  of  the 
Digenetic  Trematodes,  formed  from  the  secretion  of  the  shell- 
glands,  encloses  not  only  the  ovum  derived  from  the  ovary,  hut 
also  a  number  of  small  yolk-cells  contributed  by  the  yolk-glands; 
these  soon  lose  their  cell  character.  The  o\iim  has  been  fertilised 
by  a  sjwrm  before  the  shell  is  formed,  and  imdergoes  division  into 
a  number  of  cells  which  gradually  displace  and  absorb  the  yolk, 
the  tatter  taking  no  direct  part  in  the  aevelopment  of  the  embryo, 
but  serving  only  for  its  nourishment  in  the  earliest  stages.  The 
embryo  escapes  from  the  egg  as  a  ciliated  larua,  which  develops  in 
the  interior  of  the  second  or  intermediate  host  into  a  sporoc^ri. 
This  may  multiply  by  budding  or  fission.  The  central  rel/s  of  the 
larva,  which  are  regarded  as  ova  that  develop  jiarthenogenetically. 
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give  rise  to  the  development  of  rcdiev  in  the  interior  of  the 
sporocyst,  and  these  rive  rise,  either  directly  or  thi\)ugh  the  inter- 
mediation of  a  second  generation  of  rediie,  to  tailed  arcaria\  The 
cercariae  escape  from  the  body  of  the  intenuediate  host,  and,  in 
many  cases,  instead  of  merely  becoming  attached  to  herbage,  as 
in  the  Liver-Fluke,  make  their  wav  into  the  bodv  of  a  sccand 
intermediate  host  (usually  an  invertebrate),  and  there  become 
encvsted.  The  encysted  larva  is  eventuallv  taken  into  the  interior 
of  the  final  host  (generally  a  vertebrate)  by  the  second  intenne<liate 
host  being  swallowed  by  the  latter :  the  cyst- wall  becomes  dis- 
solved, and  the  young  Trematode  becomes  free,  and  develops  into 
the  sexually  mature  condition,  either  in  the  interior  of  the  alimen- 
tary canal  itself,  or  in  some  related  p\rt.  There  is  thus  to  be 
recognised  in  the  Digenetic  Trematodes  an  altcniation  of  generations 
comparable  to  that  which  has  been  described  as  so  general  in  the 
Coelenterata.  In  the  Trematoda,  however,  it  is  to  be  observed,  it 
is  an  alternation  of  a  sexual,  not  with  an  asexual,  but  with  a 
parthenogenetic  generation  (the  sporocyst),  the  ova  of  which  develop 
into  a  second  parthenogenetic  generation  (the  redia*) :  and  these 
finally  produce  larva?  (tne  cercaria^)  capable  of  developing  into  the 
sexually  mature  form.  The  term  hctcrogeny  is  applied  to  a  life- 
history  of  this  kind,  in  which  seven\l  distinct  generations  succeed 
one  another  in  a  regular  series. 

The  egg  of  a  Cestode  is  similar  in  essential  respects  to  that  of 
a  Trematode  :  there  is  a  tough,  chitinoid  membrane  or  egg-shell, 
which  encloses  not  only  the  ovum  but  a  number  of  yolk-cells,  the 
latter  becoming  absorbed  as  the  process  of  segmentation  of  the 
ovum  goes  on.  The  result  of  segmentation  is  the  formation  of  a 
superficial  layer  of  cells  (ectoderm)  and  a  central  mass,  all  enclosed 
in  a  membrane  composed  of  a  single  layer  of  cells  thrown  oti'  when 
the  embryo  escapes  from  the  egg.  The  ectodermal  cells  become 
ciliated,  so  far  as  is  known,  only  in  Bothriocephalus ;  in  the  others 
they  become  thrown  off  or  ultimately  absorbed  without  develop- 
ing cilia.  The  central  mass  of  cells  alone  fonns  the  embryo.  The 
embryo,  while  still  consisting  of  a  small  number  of  cells,  develops 
a  .series  of  six  chitinous  hooks.  These  early  changes  all  take  place 
in  the  majority  while  the  egg  is  still  in  the  uterus  of  one  of  the 
most  posterior  of  the  proglottides  of  the  parent  worm.  When  the 
proglottis  in  question  becomes  separated  otf,  and  has  passed  out 
from  the  body  of  the  Jinal  hod,  the  eggs  become  discharged. 
In  order  that  development  may  proceed  further  the  embryo  must 
reach  the  interior  of  a  second  or  intermaUate  hoaf.  This  is  a 
passive  migration,  since  the  embryo  of  the  Cestode  is  still  confined 
within  the  egg-shell,  and  the  transference  has  to  take  place  in  the 
water  or  food.  The  digestive  fluids  of  this  intenuediate  host 
dissolve  the  egg-shell  and  set  tree  the  contained  six-hooked 
htxacanth  embryo,  which  bores  its  way  by  means  of  its  hooks  to 
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some  part  of  the  body  in  which  it  is  destined  to  pass  through  tlie 
next  phase  in  its  life-history,  and  there  becomes  encysted.  The 
phase  which  follows  presents  two  main  varieties.  In  cases  in 
which  the  intermediate  host  is  an  invertebrate  animal  the  hooked 
embrj'o  develops  into  a  form  to  which  the  name  of  Cysticereoid 
is  given;  when,  on  the  other  hand,  the  intermediate  host  is  a 
vertebrate,  the  form  assumed  is  nearly  always  that  termed  Cysti- 
eercua,  or  bladder-worm.  The  cysticercoid  (Figs,  207  and  208) 
form  is  to  be  regarded  as  the  more  primitive  and  less  modified. 
C^sticercoids  of  various  tape-wonns  occur  in  a  great  variety  of 
different  invertebrates,  e.^.  Insects  of  all  kinds,  Water-fleas,  Cen- 
tipedes, Earthworms.  The  hooked  embryo  loses  its  hooks  and 
develops  into  the  cysticercoid  in  some  part  of  the  invertebrate 
intermediate  host.  The  cysticercoid  consists  of  three  parts — 
a  tape-worm  kead  or  acol&e,  with  the  hooks  and  suckers  of  the 
mature  worm,  a  so-called  body,  and  a  caudal  vesicle.  Sometimes 
there  ia  a  tail  recalling  to  some  extent  the  tail  of  a  cercaria. 
Sometimes  the  caudal  vesicle  is  absent :.  when  present  it,  either 
from  the  first,  or  as  a  result 
of  later  changes,  encloses  the 
head  as  well  as  the  body  after 
the  manner  of  a  cyst.  Whilo 
imdergoing  these  changes  the 
cysticercoid  is  usually  en- 
closed in  an  adventitious  cyst 
fonned  for  it  by  the  tissues 
of  its  host,  but  it  often  lies 
free  in  the  body  cavity.  The 
transference  to  the  final  host 
is  effected  by  the  intermediate 
host,  or  the  part  of  it  con- 
taining the  cysticercoid,  being 
taken  into  the  alimentary 
canal  of  the  final  host.  Some- 
times, if  the  intermediate  host 
is  a  relatively  small  animal, 
such  as  a  water-flea,  this  may 
,«.  i~u,u.  ™..u.=   tr  n   ,-L,  ^^^  place  "  accidentally  " ;  in 

at  eicretuiy  •yiiini :  «...  ruiieiiiiiu :  *.       Other  cases   the    invertebrate 
""^  '"^'  intermediate      host     actually 

forms  the  food  of  the  final 
host.  Thus  a  cysticercoid  having  as  an  intermediate  host  an 
Earthworm  is  taken  with  the  latter  into  the  alimentary  canal  of 
a  Sea-OuU — its  final  host.  In  this  way  the  cysticercoid  is  set 
free  in  the  alimentary  canal  of  the  final  host,  the  head  becomes 
pushed  out  from  the  enclosing  caudal  vesicle  and  body  (probably 
owing  to  the  stimulus  of  the  higher  temperature)  so   that  thi 
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suckers  and  hooks  come  into  play  and   attach  the  young  tape- 
worm- to  the  wall  of  the  alimentary  canal. 

The  cysticercus  or  bladder-worm  differs  from  the  cysticercoid 
mainly  in  its  much  greater  size 
and  in  the  development  of  a  re- 
latively large  caudal  vesicle  or 
caudal  bladder.  When  the  hooked 
embryo  has  reached  that  part  of 
the  vertebrate  host  in  which  it 
is  destined  to  develop  into  the 
cysticercus  it  undergoes  a  re- 
markable change ;  it  becomes 
greatly  enlarged,  and  a  cavity, 
filled  with  fluid  or  with  a  very 
loose  form  of  connective- tissue, 
appears  in  its  interior,  so  that 
it  assumes  the  appearance  of  a 
relatively  laige  bladder.  On  one 
side  of  this  bladder  appears  a 
small  invagination  with  a  cavity 
opening  freely  on  the  exterior. 
On  the  bottom  of  this  is  formed 
an  elevation  projecting  into  its 
interior;  this  is  the  rudiment  uf 
the  rostellum  on  which  the 
hooks  are  borne ;  at  its  base,  on 
the  inner  surface  of  the  side 
walls  of  the  invagination,  ap- 
pear the  suckers.  When  evertwl  this  invagination  corresponds 
closely  with  the  head  and  body  of  the  cysticercoid :  the  bladder 
corresponds  to  the  caudal  vesicle.  The  chief  difi'erence  between  a 
cysticercus  and  a  cysticercoid  is  that  in  the  former  the  caudal 
vesicle  is  relatively  very  large,  and  that  the  ortler  of  ilevekipuient 
i)f  the  parts  is  somewhat  muditied. 

A  very  aniall  number  both  of  cysticercoids  and  cvstieerci 
multiply  by  proliferation — by  the  formation  of  mnn'  than  one 
tape-worm  head  from  one  embryo.  In  the  few  instances  in  which 
this  occurs  among  the  cysticercoids  the  ho"ke<i  embrjo  gi\es  rise, 
not  directly  to  a  cysticercoid,  but  to  a  jiulvs  i»f  cells,  from  which 
are  given  off  a  number  of  buds,  eaeh  developing  into  a  cysticercoid 
with  the  three  parts  already  described.  One  such  fonn  occurs  in 
certain  Earth-worms;  another  in  a  MyriajM"!  {f'l'loimn.'i  limlirtiis). 

Tania  camurHx  of  the  Dog  hjus  a  bladiler-wonn  stage,  in  the 
.Sheep  and  Rabbit,  which  gives  rise  to  several  tai>e-wonn  heads. 
But  the  best  known  instance  of  multiple  pnxluction  of  scojioes  in  a 
c}-8ticercua  is  Tcenvi  rchtnoeoccws — well  known  as  cause  of  the 
disease  termed  hydatids,  common  in  Man  and  in  various  domestic 
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finimiiK  In  this  cnsf  thi.'  huulcKl  LTiibryo  duvi/lups  intii  a  large 
motker-cyst,  fi-om  the  Jntoriur  of  which  ilaugktcr-vysts  axa  bmidetl  otf 
(Fig.  209).    Eventually  from  the  walls  of  these  daiighler-cysts  there 


lire  frtrmed  numerous  tape-wonn  heads,  or  sto/tixs {Figs. 210  and  211) 
which,  when  fully  foruied,  assume  the  appearance  of  cysticercoids 
without  the  caudal  vesicle.  These  are  readilydetached,  and,  should 
the  organ  in  which  the  cyMt  ha.s  been  developed  be  devoured  by  a 
Dog — which  is  the  final  host  of  the  parasite — some  of  these  scolices 
become  attached  to  the  wall 
iif  the  intestine  and  de- 
velop into  the^-as  compared 
with  the  size  of  the  cyst,  and 
as  compared  with  other  tape- 
worms— very  small  adult 
Tn-nw  fchinocooMS.  The  eggs 


U 


which  the  latter  produces,  passing  out  with  the  tieces  of  the  Dog, 
may  be  taken  into  the  digestive  canal  of  Man  or  of  one  of  the 
domestic  animals,  and  tho  minute  embryos  escaping  reach  some 
organ,  such  as  the  liver  or  lung,  in  which  they  are  capable  of 
devi'loping  into  a  comparativelj-  enonnous  cyst. 
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Aiexoal  reproduction  also  occiini  in  some  Platyhelminthes. 
In  some  Rhabdocttle  Tiirbollaria  (Micro^onimu)  a  process  of  bud- 
dine  (Fig.  212)  results  in  the  formation  of  strings  of  sexual  iDdivi- 
duals  which  may  eventually  separate ;  the  new  bud  is  atwaj-s 
formed  from  the  posterior  end  of  the  last  individual  of  the  string. 

The  sporocyst  stage  in  the  Trcmatodes  may,  as  already  men- 
tioned, multiply  by  budding  or  fission.  The  fonnation  of  new 
proglottides  in  thfe  Tape-worm  may  bf 
looked  upon  either  simply  as  growth  ac- 
companied by  segmentation,  or  as  ;ise!iual 
multiplication,  according  as  we  regard 
the  proglottides  as  segments  of  a  simple 
animal  or  zoouh  of  a  colony.  There  is 
this  essential  difterence  between  this 
formation  of  pr(>glottides  and  the  asexual 
multiplication  by  budding  in  Micro- 
stomum,  that  in  the  former  the  proglot- 
tides, when  they  have  been  formed  by 
segmentation  ol  the  undivided  part  be- 
hind the  head,  do  not  in  turn  give  rise  by 
budding  to  new  proglottides.  Spontane- 
ous transverse  fission  has  been  observed 
in  certain  Triclaflida,  and  has  often  been 
obsenetl  to  be  followed  by  the  regenera- 
tion of  the  lost  ]K>rtion. 

6.  DlSTKIBUTIOX,  Mur>E  OF  OCCL-RRESCE. 

Axn  MiTU.^L  REr..^TirixsHirs. 

Of  all  the  great  groups  of  the  animal 
kingdom  above  the  Protozoa  the  Platy- 
helminthes are  the  widest  in  their  di^ri- 
bulion.  Meinlwrs  of  the  phylum  occur  on 
land,  in  fresh-water  down  to  the  bottom 
of  some  of  the  deepest  lakes,  on  the  sea- 
shore, in  deep  sea.  and  on  the  surface  of 
the  ocean  :  and  parasitic  Flat-worms  live, 
in  one  phase  or  another,  in  animals 
of  nearly  every  class  of  the  Metazoa. 

As  regards  their  male  of  life,  they  present  almost  every  possible 
gradation  between  free-living  fonns  which  procure  their  food,  con- 
sisting of  minute  animals  and  plants,  by  their  own  exertions,  and 
forms  that  are  only  capable  of  living  in  a  sjR-cial  juirt  of  the 
interior  of  a  certain  other  animal,  and  jire  quite  incapable  of  pni- 
curing  fixxi  fiir  themselves,  living  by  the  piissive  absorption  of  the 
juices  of  their  host  or  of  its  digested  food.  The  Turbellaria  are 
for  the  most  part  free  living,  and  their  food   consists  of  small 
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Crustacea  or  the  larvae  of  larger  forms,  Insect  larvae,  Water-mites, 
Rotifers,  small  Worms,  and  the  like ;  sometimes  of  Diatoms  and 
minute  Algae  of  various  kinds.  Some,  however,  live  a  life  of  true 
parasitism.  Such  are  certain  Rhabdocoeles  which  are  parasitic  in 
the  alimentary  canal  of  various  Holothurians  and  Gephyreans 
(vide  infra,  Sect.  IX.).  In  these  there  is,  correlated  with  the  inactive 
mode  of  life,  a  tendency  to  degradation  of  structure,  a  degradation 
which  is  characteristic  of  parasites  in  general ;  the  pharjTix  i» 
reduced  in  size  as  compared  with  that  of  non-parasitic  allied 
forms,  not  being  required  for  the  capture  and  swallowing  of  living 
prey ;  and  the  eyes,  useless  to  an  animal  living  in  complete  dark- 
ness, are  absent.  Some  of  the  Turbellaria,  though  not  parasitic 
in  the  strict  sense,  live  in  a  state  of  commenmlism  with  another, 
larger  animal,  that  is  to  say,  are  more  or  less  constantly  associated 
with  it,  living  on  its  surface  or  in  one  of  its  cavities  that  open 
freely  on  the  exterior,  and  often  sharing  its  food.  An  example  of 
this  mode  of  life  is  the  Triclad  Bdellcncra,  which  lives  on  the  surface 
of  the  King-Crab  {Limulus), 

While  a  free  existence  is  the  rule  in  the  Turbellaria,  true 
parasitism  is  the  rule  in  the  Trematodes,  and  is  universal  in  the 
Cestodes.  The  majority  of  the  Monogenetic  Trematodes  are  ex- 
ternal parasites,  living  on  some  part  of  the  outer  surface  of  some 
larger  animal,  and  feeding  on  mucus  and  other  secretions  of  the 
integument.  Many  are  parasites  on  the  gills  of  Fishes.  A  few, 
however,  inhabit  the  interior  of  various  organs,  and  are  true 
internal  parasites:  one,  for  example  {Polystoinum),  lives  in  the 
urinary  bladder  of  the  Frog ;  another,  (Aspidogastcr)  lives  in  the 
pericardial  cavity  of  a  Fresh-water  Mussel.  At  least  one  family  of 
the  Monogenetica  (the  Temnocephalece)  are  not  parasites  at  all  in 
the  strict  sense  of  the  term,  living  on  the  surface  of  the  "  host " 
animal,  depositing  their  eggs  there,  and  being  carried  about  by  it> 
but  subsisting  on  minute  living  animals  captured  in  the  water. 

The  Digenetic  Trematodes  are  all  internal  parasites,  and  in  the 
adult  condition  inhabit,  in  nearly  all  cases,  the  alimentary  canal,  or 
the  liver,  or  the  lungs  of  some  vertebrate  animal,  swallowing  the 
digested  food  or  various  secretions  of  their  host.  But,  as  mentioned 
before  in  the  account  given  of  their  development,  they  are  internal 
parasites,  not  only  in  the  adult  condition,  but  throughout  the 
greater  part  of  their  life.  After  a  short  period  of  freedom  as- 
ciliated  larvae,  they  again  enter  into  a  state  of  parasitism  as  sporo- 
cysts  or  rediae  in  a  second  host,  and,  after  a  second  free  interval  as 
cercariae,  may  enter  the  body  of  a  third  to  become  encysted.  The 
second  host  is,  very  generally,  a  'Mollusc,  and  the  cercaria  may 
become  encysted  in  the  same  animal. 

The  Cestodes  are,  of  all  the  Platyhelminthes,  those  that  are  most 
modified  in  accordance  with  the  condition  of  internal  pamsitism 
in  which  they  remain    throughout   life.     The   adult   Cestode   is 
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almost  always  an  inhabitant  of  the  alimentary  canal  of  a  verte- 
brate. The  intermediate  host  is  frequently  also  a  vertebrate — 
commonly  of  a  kind  which  is  liable  to  become  the  prey  of  the  final 
host.  In  the  case  of  Twnia  crassicollis  of  the  mtestine  of  the 
domestic  Cat,  for  example,  the  Cysticercus  stage  occurs  in  the 
livers  of  Rats  and  Mice  ;  the  Cysticercus  of  Tania  scrrata  of  the 
Dog  is  found  in  Hares  and  Rabbits  ;  and  so  with  other  tape-worms. 
But  in  many  cases  the  intermediate  host  is  an  invertebrate.  In 
either  case  the  passage  from  one  host  to  another  is  a  passive 
translation,  not  an  active  viigration  as  in  the  Trematodes. 

A  few  human  parasites  belong  to  theTrematoda:  but  none  that  are 
of  very  common  occurrence  among  Europeans.  Distomum  liepnticum 
has  occasionally  been  found  in  the  human  liver.  D,  rathoicsii 
is  a  common  intestinal  parasite  in  China.  JJ,  sincnse  occurs  in 
the  liver  of  Man  in  China  and  Japan..  Distoinnm  Uniccolatum 
and  various  other  species  of  the  genus  occasionally  occur  in  the 
human  subject.  Bilharzia  ka^maiobitun,  which  diffei-s  from  most 
other  Trematodes  in  being  unisexual,  is  found  in  the  ])ortal  system 
of  veins  among  the  natives  of  Abyssinia. 

The  commonest  human  Cestode  parasites  among  Europeans  are 
Tcenia  solmvi  and  T.  saginata  (otherwise  called  T.  maUucaneUata), 
The  Cysticercus  st^ige  of  T.  solium — Cysticcrais  celluloscv — occurs, 
as  already  stated,  chiefly  in  the  muscles  of  the  Pig:  that  of 
T.  saginata  in  the  muscles  of  the  Ox :  and  the  relative  prevalence 
in  different  countries  of  these  two  Tape-Wonns  varies  with  the 
habits  of  the  people  with  reganl  to  flesh-eating :  where  more 
swine's  flesh  is  eaten  in  an  imperfectly  cooked  state  T(enia  solium 
is  the  more  prevalent ;  where  more  beef,  T.  saginata.  Both  nocephabts 
UUus,  a  very  large  tape-wonu  without  hooks,  and  with  a  i>iiir  of 
longitudinal  sucking-grooves  on  the  head,  instead  of  oixlinary 
sucKers,  is  a  common  human  j>amsite  in  eastern  countries.  Its 
GysticercuSy  which  is  elongated  and  solid,  occurs  in  the  Pike  and 
certain  other  fresh-water  Fishes. 

Of  all  the  Cestcnle  jianusites  of  man,  however,  the  most  formid- 
able is  one  which  occurs  in  the  human  body,  not  in  the  sexually 
mature  or  strobila  condition,  but  in  that  of  the  Cvsticercus.  This 
is  Taenia  echinocornis,  the  presence  of  which  pnnluces  what  is  termed 
hydatid  disease.  The  adult  Taenia  cchinococcns  is  a  very  small  tiipe- 
womi  with  only  three  or  four  proglottides,  occurring  in  the  intes- 
tine of  the  domestic  Dog.  The  eggs  passing  out  with  a  liberattKl 
proglottis  in  the  fa»ces,  may  reach  the  alimeiitarv  canal  oi  Man 
uninjured  in  drinking-water,  on  the  surface  of  siilad  vegetables,  tand 
the  like;  and,  the  egg-shells  becoming  dissolved,  tlu'  (M»ntained 
hooked  embryos  bore  their  way  to  the  liver  or  the  lungs  «»r  some 
other  organ.  Arrived  at  its  final  destination,  the  embryo  develops 
into  a  cyst,  which  may  become  of  (»nonnous  size.  In  the  interior 
of  the  |>rt7?i/ir/7/  or  mother-cj/st  are  developed  a  number  of  ^tcomhtrif 


or  daiighw-cysls,  and  ti\>in  the  walls  of  those,  both  internally  and 
externally,  are  formed  very  numerous  scolicea  in  the  way  that  has 
already  been  described  {p.  2(i2).  Hydatid  cysts  are  verj' common  in 
some  domestic  animals — Oxen,  Sheep — as  well  as  in  Man.  Various 
other  Cestodes  occur  in  the  bladder-worm  stage  occasionally  in 
Man — e.g.  the  C'l/stiwrcus  cellulosa:  of  Tmnia  solium. 

The  most  jjiimitive  of  the  Platyhelminthes  are,  without  doubt, 
.some  of  the  simplest  Turbeliaria,  and  it  is  among  these  that  we 
are  to  look  for  the  nearest  existing  relatives  to  the  Cttlenterata. 
In  none,  however,  ia  the  relationship  very  close.  Cteloplana 
and  Cienojilana  (p.  212)  are,  probably,  rather  to  be  looked  upon 
as  Ctenophores  specially  modified  in  accordance  with  a  creeping 
mode  of  progression  than  as  intermediate  forms  between  Cteno- 
phores  and  Turbellaria.  The  relationship  with  the  Cceleiiterata  is 
shown,  perhaps,  most  strikingly  when  we  take  into  account  the 
development  of  the  Turbellaria,  in  the  earlier  stages  of  which  there 
is  to  be  recognised  a  marked  tendency  towards  a  radial  symmetry. 
In  their  development  the  Turbellaria,  that  is  to  say  the  Planarians, 
show  some  special  points  of  resemblance  to  the  Ctenophora ;  the 
ectoderm  cells  are  Ibrmed  and  spread  over  the  rest  in  a  similar 
way,  and  the  bands  of  cilia  have  a  disposition  and  mode  of  move- 
ment that  strongly  bring  to  mind  the  ciliary  swimming  plates  of 
the  Ctenophora.  But  though  there  is  much  to  be  said  in  favour 
of  the  view  that  the  Turbellaria  and  the  Ctenophora  were  derived 
from  a  common,  not  very  distant  stock,  the  latter  are  too  specially 
modified  to  be  looked  upon  as  the  direct  ancestors  of  the  former. 

The  connection  between  the  Turbellaria  and  the  Monogenetic 
Trcmatodes  is  very  close — so  much  so  that  it  is  difficult  to  give 
any  characters  of  universal  occurrence  distinguishing  all  the 
members  of  the  two  classes.  The  Trematodes  are,  in  fact,  to  be 
looked  upon  as  Turbellaria  some  of  whose  external  characteristics 
and,  in  the  case  of  the  Digenetica,  whose  life-history,  have  been 
specially  modified  in  accordance  with  a  parasitic  mode  of  life.  It 
is  not  unlikely  that  the  Trematodes  may  be  a  polyphyletie  gntup — 
i.e..  that  different  families  may  have  become  developed  from 
diffei-ent  families  of  Turbellaria  altogether  independently,  some 
of  them  appearing  to  be  nearer  the  Khahdocceles,  others  nearer 
the  Polyclaas,  others,  again,  nearer  the  Triclads,  in  the  majority  of 
their  characters. 

The  remarkable  life-history  of  the  Digenetic  Trematodes  is,  as 
already  pointed  out,  to  be  looked  upon  as  a  special  tbrm  of  alter- 
nation of  generations— the  alternation  of  a  sexual  with  a  pmdo- 
gemetic  and  partkenogejietic  one  (heterogeny).  The  sporocyst  and 
redia  are  to  be  looked  upon  as  intercalated  stages — as  cercarias 
which  exhibit  pedogenesis.  The  cercaria  is  the  characteristic 
larval  stage  of  the  Trematodes,  and  corresponds  to  the  cysticercus 
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or  cysticercoid  of  the  Cestode.  The  most  important  difference 
between  these  is  in  the  presence  in  the  former  of  an  enteric  cavity, 
and  its  absence  in  the  latter.  There  seems  to  be  something  to  be 
said  in  favour  of  the  view  that  the  enteric  cavity  of  the  cercaria  is 
represented  by  the  frontal  sucker  of  some  scolices,  and  by  the 
rostellum  of  the  majority. 

Between  the  adult  Cestodes  and  the  Trematodes  an  intimate 
relationship  is  traceable.  Caryaphyllocus  (Fig.  195)  is  a  Cestode 
which,  but  for  the  absence  of  an  enteric  cavitv  and  the   want 
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7iG.  213.     Diagmiu  of  the  rclatioushipe  of  the  PUityhclmhithcs  (together  with  the  Ncmurtiuoa). 


of  organs  of  adhesion  at  the  posterior  end,  is  not  far  distant 
from  the  Trematodes ;  and  the  same  might  be  said  of  Amphip- 
tyckes  (Fig.  196),  Amphilina,  and  ArcJiigetcs  (Fig.  197).  The  most 
important  differences  between  a  Cestode  and  a  Trematode,  in 
addition  to  the  absence  of  an  enteric  cavitv  in  the  former  and 
its  presence  in  the  latter,  is  the  occurrence  in  the  Cestinles  of  stro- 
bilation.  JAgula  in  a  certain  sense  fonns  a  connecting  link  in  this 
respect  between  the  Trematode  and  the  onlinary  Cestode,  the 
body  being  elongated,  and  the  reproductive  organs  repeated  as 
in  the  normal  Tape- Worm,  but  without  the  corres|X)nding  division 
of  the  body  into  a  string  of  definitely  separated  proglottides. 


'engine 


APPENDIX   TO   PLATYHELJIINTHES. 

Class  Nemertisea. 

Ocneral  Features. — The  Nemerteans  arc  non-pamsitic,  iinseg- 
mented  worms,  most  of  which  are  marine,  only  a  few  foniis  living 
on  land  or  in  fresh-water.  They  are  commonly  looked  upon  as  nearly 
related  to  the  Tiirbellaria,  and  were  formerly  includetl  in  that 
class ;  but  they  are  in  some  respects  higher  in  organisation  than 
the  Turbellaria,  and  they  ex- 
hibit certain  special  features 
distinguishing  them  fi-om  the 
rest  of  the  lower  Worms. 

The  body  (Fig.  214)  is  nar- 
row and  elongated,  cylindrical 
or  depressed,  un segmented,  and 
devoid  of  appendages.  In  length 
it  varies  from  a  few  millitnetres 
to  as  much  as  ton  metres.  The 
entire  surface  is  covered  with 
vibratile  cilia.  Frequently  the 
integument  is  vividly  coloured. 
The  cells  of  the  epidermis  secrete 
a  mucous  matter,  which  may 
serve  as  a  sheath  or  tube  tor  the 
animal.  The  inouth{m,)  is  at  or 
near  the  anterior  extremity  on 
the  ventral  aspect.  Close  to  it 
above  there  is  an  opening, 
through  which  can  be  prutruded 
a  very  long  muscular  organ,  the 
pivboscis  (pr.),  the  possession  of 
which  is  one  of  the  most  char- 
acteristic features  of  this  class  of 
Worm.s.  The  proboscis  is  hollow ; 
when  it  is  extended  to  its  ut- 
most, a  part  still  remains  which 
is  not  capable  of  Ix-ing  everted, 
and  at  the  junction  bftween  the 
eversible  and  non-eversible  parts, 
i.e.  at  the  extremity  c)f  the 
organ  when  it  is  fully  protnided, 
there  is  in  many  of  the  Xeuier- 
teans  a.  pointed  or  seriated  stylet  (Figs.  215,  217,  and  218), 
which  probably  permits  of  the  proboscis  being  used  as  a  wcajKin  : 
when  a  stylet  is  absent,  the  surface  of  the  extremity  is  sometimes 
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1  below,  a.  sniia:  br. 
i;  (siji.  .11.  iDUKltudlmt 
inc>iitli  ;  H.  nephrldin; 
or.    proboMls.       (After 
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abundantly  provided  wiih 
ttinffixg-eapitiits ;  sometimes 
it  is  be^^i  with  glandalar 
ttdhesire  p"i>mtr.  Posteriorly, 
this  nonreversible  part  of 
the  proboscis  pai^ses  into  s 
Tttrnftor  mutelt.  by  means  of 
which  the  whole  organ  is 
capable  of  being  rvtraet«d 
«4thin  the  interior  of  an  in- 
vesting sheath,  the  proboxii 
thtath  (Fip.  216  and  219, 
p.s.).  It  isby  theconiractiiMi 
of  the  nin^ular  wails  of  this 
sheath  that  tho  proboscis  is 
everted;  aometimes  the  con- 
traction takes  place  with 
such  force  that  the  proboscis 
is  broken  off  entirely  from 
the  body.  The  abundant 
nerve-supply  of  the  proboscis 
points  to  its  u^  being 
mainly  hs  a  tactile  organ. 

The  allmentaiy  caiial  is 
a  simple  tube  distinguish- 
able into  awphciffmiY'xg.  214> 
with  longitudinally  folded 
walls,  and  inttifinf  with 
lateral  caco  \dii:}.  It  ends  in 
an  aiwl  opening  (a)  situated 
near  the  posterior  extremity 
of  the  body. 

The  outeniiofit  layer  of 
the  Integninent  is  an  epi- 
dermic of  ciliated  cells,  with 
enclosed  unicelluln r  gin nds 
containing  bodies  similar  to 
the  rhoMitas  of  the  Turbel- 
laria.  Beneath  this  is  some- 
times a  thin  homogeneous 
basement  membntne ;  then  a 
layer  of  longitudinally  ar- 
ranged muscular  hbn.'s, 
among  which  are  unicel- 
hilar  glands  with  long  ducts 
that  wrforate  the  epidermis, 
together  with  pigment.  From 
this  layer  there  is  a  gradual 


prob- 
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commissures,  dorsal  and  ventral,  between  which  pass  the  proboscis 
and  its  sheath.  From  the  brain  pass  backwanis  a  pair  of  thick 
nerves  which  run   throughout  the  length  of  the  ,body:  usually 


III.  21»,— DiagiKmnnllc 
hodj-waJl :  r.  i. 
h-uj.  «..  lonpti 


f'vaU  nod  fintoroD  ;  L  Ar.  Ulcra 
■    aclsHhealh.     (AftarH.lh 


these  are  lateral  in  position,  sometimes  approximated  dorsally, 
sometimes  ventrally.  In  the  Nemerteans  devoid  of  stylet  there  is 
a  mn-e-plej^is  between  the  muscular  layers.  In  the  stylet-bearing 
forms  such  a  plexus  is  absent,  but  metamerically  arranged  branches 

are  given  off  by  the  nerve-cords ;  these  divide  into  smaller  nerves. 


«na  encrtxory  flyRienia.      lai.'jl.i:  lateriU  blr^td-voBntifl  ;   iMti/.w.i-.  incaiaa  DjocFQ-veBHew;. 
tuj/h.  ne[ihr1dial  (excrqtor>-)  tubcH,    (After  OiidvluaUH.) 

for  the  supply  of  the  various  organs.     Sometimes  the  lateral  cords- 
unite  behind  above  the  anus. 

A  remarkable  apparatus  connected  with  the  nervous  system  is 
the  system  of  lateral  organs.  These  consist  of  a  pair  of  ciliated 
tubes  (Fig.  215,  n7,^.)  opening  externally  at  the  sides  of  the  head,. 
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Sometimes  they  are  of  extremely  simple  structure,  consisting 
merely  of  spots  of  pigment ;  in  other  cases  they  are  more  highly 
developed,  having  a  spherical  refractive  body  with  a  cellular 
"*  vitreous  body,"  and  a  "  retina "  consisting  of  a  layer  of  rods 
enclosed  in  a  sheath  of  dark  pigment,  each  rod  having  a  separate 
nerve-branch  connected  with  it.  Otocysts  containing  otoliths 
have  been  found  in  only  a  few  of  the  Nemerteans. 

Reproductive  System. — Most  species  are  dioscious.  The  ovaries 
(Fig.  214,  ov.)  and  testes  are  situated  in  the  intervals  between  the 
intestinal  cceca.  The  ovary  or  testis  is  a  sac  the  cells  lining  which 
^ve  rise  to  ova  or  spermatozoa ;  when  these  are  mature  each  sac 
opens  by  means  of  a  narrow  duct  leading  to  the  dorsal  surface, 
where  it  opens  by  a  pore. 

Development.— Some  of  the  Nemerteans  go  through  a  meta- 
morphosis ;  in  the  others  the  development  is  direct.  The  charac- 
teristic larval  form  is  the  Pilidium  (Fig.  221.)  This  is  a  helmet- 
shaped  body  >vith  side  lobes  representing  ear-lappets,  and  a  bunch 
of  cilia  representing  a  spike.  In  the  metamorphosis  two  pairs  of 
■ectodermal  invaginations,  growing  inwards  around  the  intestine, 
fuse  together  and  form  the  mtegument  and  body- wall  of  the  future 
worm,  which  subsequently  frees  itself  from  its  investment  and 
develops  into  the  adult  form.  In  others  there  is  a  ciliated 
creeping  larva  called  the  *' larva  of  Desor"  in  the  interior  of 
which  the  larval  worm  is  developed  much  as  in  the  case  of  the 
Pilidium. 

Though  none  of  the  Nemerteans  exhibit  metameric  segmenta- 
tion, yet  in  some  of  them  there  is,  as  in  Gunda  segmentata 
(p.  241)  among  the  Turbellaria,  a  serial  repetition  of  the  in- 
ternal parts  (pseudo-metamerism).  Transverse  fission  is  of 
frequent  occurrence. 


Distinctive  Characters  and  Classification. 

The  Nemertinea  are  ciliated,  unsegmented,  worms  with  elongated 
body,  without  distinct  coelome.  There  is  an  eversible  proboscis 
enclosed  in  a  sheath  and  capable  of  being  protnided  to  a  great 
length  through  an  aperture  situated  in  front  of  and  above  the 
mouth.  The  intestine  usually  has  distinct  lateral  diverticula,  and 
there  is  a  posteriorly  situated  anus.  There  is  a  blood-vascular 
.system  and  also  a  system  of  excretory  vessels. 

Sub-Cla88  I — Palseonemertinea. 

Nemertinea  in  which  the  head  is  devoid  of  deep  lateral  longi- 
tudinal grooves,  and  in  which  the  proboscis  is  not  armed  with  a 
fitylet. 

VOL.  I  t 


SECTION   VI 

PHYLUM   XEMATHELMINTHES 

The  members  of  the  preceding  phylum  are  characterised,  as  a 
whole  by  a  marked  dorso-ventral  flattening  In  the  Worms  in- 
cluded in  the  present  groifp  the  body  is  elongated  and  cylindrical, 
whence  their  general  name  of  Round-  or  Thread-worms.  The 
phylum  includes  the  following  classes : — 

Class  1.  Nematoda. — The  Round- worms  in  the  strict  sense  of 
the  term.  The  best  knowTi  forms  are  internal  parasites,  but  many 
genera  and  species  are  extremely  abundant  in  fresh-  and  salt- 
water. 

Class  2.  AcAXTHOCEPHALA. — The  "Hook-headed  Worms,"  a 
group  of  foniiidable  internal  parasites. 

Class  3.  Ch^togxatha. — The  "  Arrow- worms,"  a  small  group  of 
pelagic  organisms. 

The  affinities  of  the  Acanthocephala  and  Chsetognatha  with  the 
Nematoda  are  somewhat  doubtful,  and  the  association  of  the  three 
classes  is  largely  a  matter  of  convenience. 

GLASS  L— NEMATODA. 

I.  Example  of  the  Class — The  Commox    Rouxd-worm  of 

Max.     (Ascaris  lumhricovhs), 

Ascaris  lumhricoules  is  a  common  parasite  in  the  human  intes- 
tine :  a  closely  allied  if  not  identical  form  (A.  siiill(i)  occurs  in  the 
Pig,  and  another  {A.  megalocephala)  in  the  Horse.  The  following 
description  will  apply  to  any  of  these.  The  female  wonn  is  about 
12-28  mm.  (5-11  inches)  long,  and  about  6-8  mm.  (J  inch)  in 
diameter ;  the  male  is  considerably  smaller. 

E3ctemal  Characters. — When  fresh  the  animal  is  of  a  light 
yellowish-brown  colour:  it  is  marked  with  four  longitudinal 
streaks,  two    of   which,  very    narrow    and    pure    white    in    the 

T  2 
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living  Worm,  arc  respectively  dorsal  and  ventral  in  position,  and 
(in-  called  the'/orw/{Fig.222,rf./.) and  ventral  {r.  I.)  lines:  the  other 
two  tin-  lateral  in  position,  thicker  than  the  former,  and  brown  in 
colour,  and  are  distinguished  as  the  lateral  lines.  The  mouth  is 
niiti'riiir  and  teniiinal  in  position,  and  is  bounded  by  three  lobes, 
or  /yi",  one  minlian  and  dor^l  (d.  Ip.},  the  other  two  ventro-lateral 
(r.  /j>.).  A  very  niiniite  aperture  on  the  ventral  side,  and  about  2 
mm.  Iroiu  the  anterior  ena.  is  the  t-rcretory  fore  (ex.  p.).  At  about 
tho  Name  dialaiice  from  the  pointed  and  down-turned  posterior  end 
in  n  tnmover>H.>  a|R'rtun'  with  thickened  lips,  the  anus  (an.),  which 
in  thi'  nmk'  wrvi-s  also  as  a  reproductive  aperture  and  gives  exit 
ti)  a  jmir  of  nectlle-likf  chitinoid  bodies,  the  penial  setw  (pn.  s.). 
In  tlu'  foumli'  the  reproductive  aperture  or  g(moj>&i-c  is  separate 
from  the  iiniin.  and  i"  ttitunted  on  the  ventral  sur&ce  about  one- 


nwardtt  (Fi^.  222,  I>),  while  in  the  female  (C) 


iIiImI  tiT  (li»  li'iigth  of  the  body  from  the  anterior  end  (Fig.  225, 
i/ii/i )  Til"  «'<""  PtiM  iiImo  dixtinguished  externally  by  the  form  of 
ttd-  ilf'H  '"''.  or  iKntt-anal  iwrtion  of  the  body,  which  in  the  male 

H"l(-M('l*  "in-VMil  downwards  (Fi^.  22?  "'     ''        "' 

iM  I'f.fill"!  K'Hil'iiiii'  IN  nearly  Ntnught. 

HAdi^rWIllli  TliK  ontor  Nurfaee  of  the  body  is  furnished  by  a 
i\i-\]i-nU:,  hiiiiajHirxiil,,  nlHHtii!  membrane,  of  a  cKitinoid  nature,  the 
lUUili  lV\^-  i*'\.  ('('.).  It  is  divisible  into  several  layers,  and  is 
■.firiM*  'I  U'HIIHVoiiiiily,  Nil  ivH  to  give  the  animal  a  segmented  ap- 
f„.„t,4lii-i:  Hi<rir<nlh  the  ciilicle  is  a  protoplasmic  layer  (rfec.  eptkm.) 
I  vld'<"i"i|j  01  lit  1:1.(1  rod  iiii<'li<i  iin<l  longitudinal  tibres,  and  represent- 
•iiH  'I  ••H'l'l/liiil  rr-lmhrm  i>,  an  I'l'tiKlcrm  in  which  the  cell-bodies 
rii'-  U'll  dlftul'iniliitUHl,  and  il^  erllulnr  nature  is  recognisable  only 
tij    tUi-    liiirtt't       'I'hii   i'iilii-Ii>    is.   as   u.sual,  a   secretion   of    the 

Hi.lii-'i\\i  lliii  nnliHlurm  i"  II  Mingle  layer  of  muscular  fibres  (m.), 
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arranged  longitudinally,  and  bounding  the  body-cavity.  The 
structure  of  tne  muscltis  is  very  peculiar :  each  (Fig.  224,  A)  has 
the  form  of  a  spindle,  striated  longitudinally,  and  produced  on  its 
inner  face  {t.e.  towards  the  coelome)  into  a  large  and  almost  blad- 
der-like mass  of  protoplasm  (j>)  containing  a  nucleus  {nv.}.  Ap- 
parently the  whole  of  this  structure  if  derived  from  a  single  cell, 
part  of  which  has  become  differentiated  into  contractile  substance 
(e),  the  rest  remaining  protoplasmic.  In  transverse  section  the 
contractile  portion  (B.  c)  has  the  form  of  a  plate  bent  upon  itself 
BO  as  to  be,  as  it  were,  wrapped  round  the  protoplasmic  portion 
■(p).     The  protoplasmic  processes  project  to  a  greater  or  less  extent 


der^^hm,       ^i 


—AbckHs  Itunbrleolda*,  trans 
s  opflholtTini  or  opidennls ;  ci.  r.  cm 


into  the  body-cavity,  sometimes  practically  obliterating  it,  and  are 
produced  into  delicate  filaments  (/.)  which  take  a  transverse 
direction  and  are  mastly  inserted  into  the  dorsal  and  ventral 
lines. 

The  muscular  layer  is  not  continuous,  but  is  di^■ided  into  four 
longitudinal  bands  or  quadrants,  two  dorso-lateral  and  two  ventro- 
lateral, owing  to  the  fact  that  at  the  dorsal,  ventral,  and  lateral 
lines  the  ectoderm  undergoes  a  great  thickening  and  projects 
inwards,  between  the  muscles,  in  the  form  of  four  longitudinal 
ridges  (Fig.  223,  </.?.,  r.t'.,  ht.  I.).  It  is  this  arrangement  that  gives 
rise  to  the  lines  .seen  externally.  The  ridges  forming  the  lateral 
lines  are  much  more  prominent  than  the  other  two. 
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DigeitlTe  Organi.  —  The  mouth  leads  into  the  anterior 
division  of  the  enteric  canal,  the  j>Aary)p;  or  stomodceum  (Fig,  225 
ph.) :  its  walls  are  very  muscular,  its  cavity  is  three-rayed  in  cross- 
section,  and  it  is  lined  by  a  cuticle  secreted  from  its  epithelial  layer 
and  continuous,  at  the  mouth,  with  that  of  the  body-wall 
Posteriorly  the  phar)'nx  opens  into  the  inUMine  {int.),  a  thin 
walled  tube,  flattened  from  above  downwards,  and  formed  of  a 
layer  of  epithelial  cells  bounded  both  internally  and  externally 
by  a  delicate  cuticle:  it  has  no  muscular  layer  (Fig.  223,  itU.). 
Posteriorly  the  intestine  narrows  considerably  to  form  the  short 
rectitvt,  which  has  a  few  muscular  fibi-es  in  its  walls  and  opens 
externally  by  the  anus  (an.).     The  food,  consisting  of  the  senii- 


—AacBrlB  Ituttbrleoldaa. 

iuii  with  i-jrtlon  .pf  ettod.       ' 


fluid  contents  of  the  intestine  of  the  host,  is  sucked  in  by  move- 
ments of  the  pharynx,  and  is  then  absorbed  into  the  system 
through  the  walls  of  the  intestine.  The  food  being  already 
digested  by  the  host,  there  is  no  need  of  digestive  gland-cells, 
such  as  occur  in  animals  which  prejNire  their  own  food  for 
absorption. 

It  will  be  noticed  that  in  the  above  description  the  i)harj-nx  is 
also  called  stomodieum.  This  must  not  be  taken  to  indicate  that 
the  two  terms  are  synonjTnous,  but  that,  in  the  jiresent  instance,  the 
epithelial  lining  of  the  pharynx  is  derived  from  the  ectoderm, 
being  formed  as  an  in-tumed  portion  of  the  outer  layer  of  the 
body-wall.     The  epithelium  of  the  intestine,  on  the  other  hand,  is 
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commissures,  dorsal  and  ventral,  between  which  pass  the  proboscis 
and  its  sheath.  From  the  brain  pass  backwards  a  pair  of  thick 
nerves  which  run   throughont  the  length  of  the  [body;  usually 


UsniTcru  eectloo  o(  ■  M«in«Tte«ii  (OariKdla).     a.  ft,  c.  layers  oi 
niie  tiMue  between  body-wsll  and  SDteniD ;  I.  In:  lateral  bLood-veawls ; 
^--v  ■•^.  ivugiiuuiuiu  nerve  ;  p.  probasda ;  p,  t,  proboecfs  sheath.    <A[Wr  Hubrecht.) 

these  are   lateral  in  position,  sometimes  approximated  dorsally, 

sometimes  ventrally.  In  the  Nemerteans  devoid  of  stylet  there  is 
a  'n^rve-plenis  between  the  muscular  layers.  In  the  stylet-bearing 
forms  such  a  plexus  is  absent,  but  metamerically  arranged  branches 
are  givt'n  off  by  the  nerve-cords ;  these  divide  into  smaller  nerves 


a  Kemerteui  (Drei 
if,  bl.  t.  lateral  bU>od-m 
tiiboH.    (After  Oudemai 


for  the  supply  of  the  various  organs.     Sometimes  the  lateral  cords- 
unite  behind  above  the  anus. 

A  remarkable  apparatus  connected  with  the  nervous  system  is 
the  system  of  lateral  or8:aiu.  These  consist  of  a  pair  of  ciliated 
tubes  (Fig.  2\5, cil.gr.)  opening  externally  at  the  sides  of  the  head,. 
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transition  to  a  layer  consisting  altogether  of  longitudimd  mitscular 
fibres.     A  layer  of  circularly  arranged  muscular  fibres  always  is- 

present;  but  the  arrangement  of  the 
layers  of  muscle  varies  in  different  forms.. 
The  muscular  layers  are  embedded  in 
compact  connective-tissue,  and  a  mass  of 
the  same  tissue  fills  all  the  space  between 
the  body-wall  and  the  enteric  cavity, 
there  being  no  body-cavity.  Vertical 
muscular  dissepiments  extend  across  be- 
tween the  intestinal  coeca  and  produce  an 
appearance  of  internal  segmentation. 

The  Nemerteans  possess  a  system  of 
blood-vessels  (Fig.  220)  with'  w^ell-de- 
fined  walls  formed  of  an  epithelium  and 
a  layer  of  muscle.  There  are  three  prin- 
cipal longitudinal  tnmks — a  median  dorsal 
(med.  hi.  r.)  and  two  lateral  (lat.  hi.  v.).  The 
blood  follows  no  regular  course  through 
the  vessels,  but  is  moved  about  by  the 
muscular  contractions  of  the  body.  The 
blood  is  colourless,  and  contains  rounded 
or  elliptical  corpuscles. 

The  excretory  vessels  of  the  Platy- 
helminthes  are  represented  by  a  pair  of  greatly  coiled  and 
branched  tubes  (Fig.  220, 7ieph.),  opening  on  the  exterior ;  the 
fine   terminal  branches  of  the  system  are  provided  with  ciliary 


Fio.  21  rt. — Anterior  portion  of 
the  body  of  a  ^emertine. 
br.  brain-lobes ;  a.  lateral 
nerves ;  p.  o.  external  open- 
ing through  which  the  pro- 
boscis is  everted  ;  p.  *.  pro- 
boscis sheath ;  pr.  proboscis. 
CEsophagiis  and  mouth  shown 
by  dotted  lines.  (After 
Hubrecht.) 


FiG«.  217  and  218.— Proboscis  of  a  Hoplonemerteaiii  with  stylet  rcservc-Pt;cs  and  muscular 
bulb.    Fig.  217  retracted,  Fig.  218  everted.    (After  Hubrecht.) 


flameSy   and   cilia   occur  also  in  the  course  of  the  vessels  them- 
selves. 

The  nervous  system  is  in  some  respects  more  highly  developed 
than  in  the  Turhellai^.     The  hrain  (Fig.  216,  hr.)  is  composed  of 
two  large  ganglia  with  lobed  surfaces,  connected  together  by  two 
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iH res,  dorsal  and  ventral,  between  which  mss  the  proboscis 
and  its  sheath.  From  the  brain  pass  backwards  a  pair  of  thick 
nerves  which  run   throughout  the  length  of  the  (body:  usually 


theso  are  lateral  in  position,  sometimes  approxiniatcl  dorsally, 
sometimes  ventrally.  In  the  Nemerteans  devoid  of  styK>t  there  is 
a  nenc-plejifs  between  the  muscular  layers.  In  the  sty  lei -bearing 
form.s  such  a  plexus  is  absent,  but  metamerically  aminged  bi-.inches 
are  given  off  by  the  nerve-cords ;  these  divide  into  smaller  nerves 


n«|4irldlBl  {exi-ntoTy, 


s  the  lateral  conis 


for  the  supply  of  the  various  organs.     Si 
unite  behmd  above  the  anus. 

A  remarkable  apparatus  connecte<l  with  the  nervnus  system  is 
the  system  of  lateral  organs.  These  consist  ol  a  [uiir  of  ciliated 
tubes  (Fig.  215,(;i7.  jr.)  opening  externally  at  the  sides  of  the  head.. 
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usually  in  a  groovf  or  slit,  and  tinding  tuternally  in  the  interior  of 
a  pair  of  j'os/e^-ior  hrnin  lobes,  which  an.'  sometimes  distinct  from, 
somotiines  united  with,  the  rest  of  the  brain.  The  posterior  brain 
Iobe.s  are  developed  in  the  larva  as  outgrowths  from  the  oeso- 
phagus :  the  ciliated  tubes  appear  rpiite  independently  of  them 
iu«  ingrowths  from  the  fpidermis  of  the  head,  the  two  "structures 


F10.M1.— *,  ri]iat>uo  wi 

iDtarUA' '>!  Fllldiuiu.    <       ..    . 


imiu.'b.    [FmiiiBalfDu 


k 


only  subsequently  coming  into  relation  with  one  another,  and  the 
outgrowths  from  the  cesophagus  usually  altering  their  cellular 
structure  so  as  to  become  converted  into  nerve-tissue.  This 
apparatus  is  probably  a  special  arrangement  for  oxygenating  the 
brain  substance ;  but  perhaps  it  has  also  a  sensorj-  function. 

SSyes  are  present  in  the  majority  of  Xemerteans,  and,  in  the 
most   highly   organised   species   occur  in   considerable   numbers. 
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Sometimes  they  are  of  extremely  simple  structure,  consisting 
merely  of  spots  of  pigment ;  in  other  cases  they  are  more  highly 
developed,  having  a  spherical  refractive  body  with  a  cellular 
*'  vitreous  body,"  and  a  "  retina "  consisting  of  a  layer  of  rods 
enclosed  in  a  sheath  of  dark  pigment,  each  rod  having  a  separate 
nerve-branch  connected  with  it.  Otocysts  containing  otoliths 
have  been  found  in  only  a  few  of  the  Nemerteans. 

Reproductive  System. — Most  species  are  dwecimts.  The  ovaries 
(Fig.  214,  ov.)  and  testes  are  situated  in  the  intervals  between  the 
intestinal  coeca.  The  ovary  or  testis  is  a  sac  the  cells  lining  which 
^ve  rise  to  ova  or  spermatozoa ;  when  these  are  mature  each  sac 
opens  by  means  of  a  narrow  duct  leading  to  the  dorsal  surface, 
where  it  opens  by  a  pore. 

Development.—  Some  of  the  Nemerteans  go  through  a  meta- 
morphosis ;  in  the  others  the  development  is  direct.  The  charac- 
teristic larval  form  is  the  PUidium  (Fig.  221.)  This  is  a  helmet- 
shaped  body  with  side  lobes  representing  ear-lappets,  and  a  bunch 
of  cilia  representing  a  spike.  In  the  metamorphosis  two  pairs  of 
•ectodermal  invaginations,  growing  inwards  around  the  intestine, 
fuse  together  and  form  the  integument  and  body- wall  of  the  future 
worm,  which  subsequently  frees  itself  from  its  investment  and 
develops  into  the  adult  form.  In  others  there  is  a  ciliated 
creeping  larva  called  the  **  lai^va  of  Desor"  in  the  interior  of 
which  the  larval  worm  is  developed  much  as  in  the  case  of  the 
Pilidium. 

Though  none  of  the  Nemerteans  exhibit  metameric  segmenta- 
tion, yet  in  some  of  them  there  is,  as  in  Gunda  segmentata 
(p.  241)  among  the  Turbellaria,  a  serial  repetition  of  the  in- 
ternal parts  (pseudo-metamerism).  Transverse  fission  is  of 
frequent  occurrence. 


Distinctive  Characters  and  Classification. 

The  Nemertinea  are  ciliated,  unsegmented,  worms  with  elongated 
body,  without  distinct  ccelome.  There  is  an  eversible  proboscis 
•enclosed  in  a  sheath  and  capable  of  being  protnided  to  a  great 
length  through  an  aperture  situated  in  front  of  and  above  the 
mouth.  The  intestine  usually  has  distinct  lateml  diverticula,  and 
there  is  a  posteriorly  situated  anus.  There  is  a  blood- vascular 
system  and  also  a  system  of  excretory  vessels. 

Sub- Class  I — Palseonemertinea. 

Nemertinea  in  which  the  head  is  devoid  of  deep  lateral  longi- 
tudinal grooves,  and  in  which  the  proboscis  is  not  Jirmed  with  a 
stylet 
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Sub-Class  11. — Schizonemertea. 

Nemertinea  in  which  there  is  a  deep  lateral  longitudinal  groove 
on  each  side  of  the  head  and  in  which  the  proboscis  is  devoid  of 
stylets. 

Sub-Class  m. — Hoplonemertea. 

Nemertinea  in  which  there  are  no  deep  lateral  grooves  on  the 
head  and  in  which  (except  in  Malacohdella)  the  proboscis  is  armed 
with  a  stylet. 

The  Nemerteans  are  almost  exclusively  marine,  only  a  small 
number  of  species  living  in  fresh  water  or  in  damp  localities  on 
land.  None  appear  to  be  true  parasites;  but  a  few  are  com- 
mensals, living  for  the  most  part  in  the  pharjTix  or  atrial  cavity  of 
Ascidians  or  Sea-Squirts.  All  are  carnivorous,  and  either  capture 
living  prey  in  the  shape  of  small -bodied  invertebrates  of  various 
kinds,  or  feed  on  dead  fragments. 


SECTION   VI 

PHYLUM   NEMATHELMIXTHES 

The  memlx^rs  of  the  preceding  phylum  are  characterised,  as  a 
whole  by  a  marked  dorso-ventml  flattening  In  the  Wonns  in- 
cluded in  the  present  groirp  the  b<Kly  is  elongjited  and  cylindrical, 
whence  their  general  name  of  Round-  or  Thread-wonns.  The 
phylum  includes  the  folloAving  classes : — 

Class  1.  Nematoda. — The  Round-worms  in  the  strict  sense  of 
the  term.  The  best  known  fonns  arc  internal  parasites,  but  many 
genera  and  species  are  extremely  abundant  in  fresh-  and  salt- 
water. 

Class  2.  AcAXTHOCEPHALA. — The  "Hook-headed  Wonns,*'  a 
group  of  fonnidable  internal  parasites. 

Class  3.  CH.trroGXATHA. — The  "  Arrow- worms,'*  a  small  group  of 
pelagic  organisms. 

The  affinities  of  the  Acanthocephala  and  Cha^tognatha  with  the 
Nematoda  are  somewhat  doubtful,  and  the  association  of  the  three 
classes  is  largely  a  matter  of  convenience. 

CLASS  L— NEMATODA. 
l.  Example  of  the  Class — The  Commox    Rouxd-worm  of 

Max.     {Ai^caris  hnnltrirovhA), 

Ascaris  luinhricuUhn  is  a  common  jmrasite  in  the  human  intes- 
tine:  a  closely  allie<l  if  not  identical  fonn  {^A.  sifill{()  i»ccui*s  in  the 
Pig,  and  another  (A.  mcgahMrphala)  in  the  Horsi*.  The  f<>lK»wing 
description  will  apply  to  any  of  these.  The  female  wonn  is  about 
12-28  mm.  (5-11  inches)  long,  and  about  G-S  mm.  (J  inch)  in 
diameter;  the  male  is  considerably  smaller. 

External  Characters. — When  fresh  the  animal  is  of  a  light 
yellowish -brown  colour:  it  is  marke«l  with  four  longitu<linal 
ijtreaks,  tw«>    of   which,  very    narrow    and    pure    white    in    the 
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living  Wmin,  aro  resitec lively  doi-sal  iind  ventral  in  position,  and 
are  called  the  rlorsii/  (Fig.  222,  if. I.)  a.nd  ventral  {v.  I.)  lines:  the  other 
two  are  lateral  in  position,  thicker  than  the  fomier,  and  brown  in 
colour,  and  are  distinguished  as  the  lateral  line».  The  tnituth  is 
anterior  and  terminal  in  position,  and  is  boiindeni  by  three  lobes, 
or  lips,  one  median  and  dorsal  {d.  Ip.).  the  other  two  ventro-lateml 
{v.  Ip.).  A  very  minute  aperture  on  the  ventral  side,  and  about  2 
mm.  from  the  anterior  ena,  is  the  tinretory  pm-e  (ex.  p.).  At  about 
the  same  distance  from  the  pointed  and  down-turned  posterior  end 
is  a  transverse  aperture  with  thickened  lips,  the  anus  (an.),  which 
in  the  male  serves  also  as  a  reproductive  aperture  und  gives  exit 
to  a  pair  of  needle-like  chitinoid  bodies,  the  penial  seta'  (pn.  s.). 
In  the  female  the  reproductive  aperture  or  gonopmt)  is  separate 
from  the  anus,  and  i»  situated  on  the  ventral  sur^e  about  one- 
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third  of  the  length  of  the  body  from  the  anterior  end  (Fig.  225. 
gnp.).  The  sexes  are  also  distinguished  externally  by  the  form  of 
the  short  tail,  or  post-anal  portion  of  the  body,  which  in  the  male 
is  sharply  curved  doivnwards  (Fig.  222,  D),  while  in  the  female  {C) 
its  ventral  contour  is  nearly  straight. 

Body-wall. — The  outer  surface  of  the  body  is  fumi.shed  by  a 
delicate,  transparent,  elastic  membrane,  of  a  chitinoid  nature,  the 
cuticle  (Fig.  223,  cii-.).  It  is  divisible  into  several  layers,  and  is 
wrinkled  transversely,  so  as  to  give  the  animal  a  segmented  ap- 
J)earanee.  Beneath  the  cuticle  is  a  protoplasmic  layt-r  {der.  (pthvi.) 
containing  scattered  nuclei  and  longitudinal  fibres,  and  represent- 
ing a  sifiieytial  ectoderm — t,i'.  an  ectodcnn  in  which  the  cell-bodies 
are  not  diSerentiated,  and  its  cellular  nature  is  recognisable  only 
by  the  nuclei.  The  cuticle  is,  as  usual,  a  secretion  of  the 
ectoderm. 

Beneath  the  ectodcnn  is  a  single  layer  of  iiuisciiltir fbres  (m.). 


PHYLtIM  NEMATHBLMINTHE8 


27? 


arranged  Inngitudinally,  tmd  bounding  the  bodv-cavitv.  The 
structure  nf  the  muscles  is  very  jieculiar;  each  (Fig,  224,  J)  htis 
the  form  of  a  spindle,  striated  iongitudinally,  and  jiroduced  t>n  its 
inner  face  (i.r.  towai-ds  the  ccelome)  into  a  large  and  almost  blad- 
der-like mass  of  protoplasm  (j>)  containing  a  nucleus  {nn.).  Ap- 
parently the  whole  of  this  structure  is  derived  from  a  single  cell, 
part  of  which  has  become  differentiated  into  contractile  suDstance 
(f),  the  rest  lemaining  protoplasmic.  In  transverse  section  the 
contractile  portion  (B.  c)haji  the  fonn  of  a  plate  bent  uiK>n  itself 
so  as  to  be,  as  it  were,  wrapped  round  the  protoplasmic  portion 
(ji).     The  protoplasmic  processes  project  to  a  greater  or  less  extent 


Ininfarlcoldaa,  t 


i;  r.  r.  nntnlllne.    (Altar  VogtBC 


into  the  body-cavity,  sometimes  practically  obliterating  it,  and  are 
produced  into  delicate  Blameats  (/.)  which  take  n  transverse 
direction  and  are  mostly  inserted  into  the  dorsal  and  ventral 
lines. 

The  muscular  layer  is  not  continuous,  but  is  divided  intt)  four 
longitudinal  bands  or  tjuadrants,  two  dorso-lateral  and  two  ventnt- 
Uteral,  owing  to  the  fact  that  at  the  doiwal.  ventral,  and  lateral 
lines  the  ectoderm  undergoes  a  great  thickening  and  projects 
inwards,  between  the  muscles,  in  the  form  of  four  longitudinal 
ridges  (Fig.  223,  (/./..  r.y.,  lat.  /.).  It  is  this  arrangement  that  gives 
rise  to  the  lines  seen  externally.  The  ridges  forming  the  lateral 
lines  are  much  more  pnjminenl  than  the  other  two. 
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Digestive  Organs.  —  The  iut>uth  leads  into  tlu'  anterioi- 
division  of  the  enteric  canal,  the  phanjw:  ur  tdumvi/xuM  (Fig.  225 
pJi.) :  its  walls  are  verj'  muHcular,  its  cavity  in  three-rayed  in  cross- 
section,  and  it  is  lined  by  a, cuticle  secreted  I'romitsepithelial  layer 
and  continuous,  at  the  mouth,  with  that  of  the  body-wall. 
Posteriorly  the  pharynx  opens  into  the  htieetine  (int.),  a  thin 
walled  tube,  flattened  from  above  downwards,  and  fonned  of  a 
layer  of  epithelial  cells  bounded  both  internally  and  externally 
by  a  delicate  cuticle:  it  has  no  muscular  layer  (Fig,  223,  i^it.). 
Posteriorly  the  intestine  narrows  considerably  to  form  the  short 
rerium,  which  has  a  few  muscular  fibres  in  its  walls  and  opens 
externally  by  the  anus  (nn.\     The  food,  consisting  of  the  semi- 
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fluid  contents  of  the  intestine  of  the  host,  is  sucked  in  by  move- 
ments of  the  pharynx,  and  is  then  absorbed  into  the  system 
through  the  walls  of  the  intestine.  The  food  being  ah-eady 
digested  by  the  host,  there  is  no  need  of  digestive  gland-cells, 
stich  as  occur  in  animals  which  prepare  their  own  foo<l  for 
absorption. 

It  will  be  noticed  that  in  the  above  description  the  pharynx  is 
also  called  stomodceum.  This  must  not  be  taken  to  indicate  that 
the  two  terms  ai'e  sraonymous,  but  that,  in  the  present  instance,  the 
epithelial  lining  of  the  pharynx  is  derived  from  the  ectoderm, 
being  fonuetl  as  an  in-tumed  portion  of  the  outer  layer  of  the 
body -wall.     The  epithelium  of  the  intestine,  on  the  other  hand,  is 
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t-ndodernial,  this  portion  nf  the 
canal  being  derived  from  the 
archenteron  of  the  enibi^'o. 

Between  the  enteric  canal  and 
the  body-wall  is  a  distinct  space, 
the  ooBlome  ur  Mi/-cavitt/,  con- 
taining a  clear  fluid  and  more  or 
less  encroached  upon  by  the  pro- 
toplasmic processes  of  the  muscle- 
cells.  The  cavity  is  bomuled  ex- 
ternally by  these  processes,  in- 
ternally by  the  outer  cuticle  of  the 
intestine:  there  is  no  trace  of  epi- 
thelial lining  such  as  occurs  in 
most  of  the  higher  animals. 

The  excretory  ayitem  jiresents 
a  certain  roseniblanee  to  thiit  of 
Platodes.  It  consists  of  tivn  longi- 
tudinal canals  {rr.  v.),  one  in  each 
lateral  line.  Anteriorly  they  pass 
to  the  ventral  surface,  unite  with 
one  another,  and  open  by  the 
minute  excretorj-  pore  (w.  /).)  al- 
ready noticed. 

The  nerroni  ByKtem  consists 
of  a  ring  (nv.  r.)  surrounding  the 
pharynx  and  giving  off  six  nerves 
fonvards  and  six  backwards  (Fig. 
226).  Of  the  latter  two  are  of 
consttlerable  i^ize  an<l  run  in  the 
dorsal  and  ventral  lines  resi>ectively 
('Hn,rln.).  They  are  connected  with 
one  another  by  transverse  comniis- 
suni3  («.),  anil  the  ventral  nerve 
ftwells  into  a  ganglion  just  in  front 
of  the  anus.  The  pharyngeal  nerve- 
ring  contains  nerve-cells,  and  it« 
ventral  jwrtion  (kh.)  Ls  thickened 
and  ganglion-like.  The  <mly  sense- 
organs  arc  little  fiev;UiiMls.  tln'  .«il- 
soiftjiajiillfiVii^.  ■1-2-2. /•A.fU  (hi.>  lips. 

The  reproductive  organs  are 
formed  on  a  jieculiar  imd  s  ery 
chamctcristic  pjittem.  The  ti-siis 
(Fig.  227,  tg.)  is  a  long  coiled  thread, 
about  the  thickness  of  fine  sewing- 
cotton,  and  occuiiving  a  consider- 
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able  portion  of  the  body-cavity.  At  its  posterior  end  it  is  con- 
tinuous with  the  vas  deferens,  the  two  passing  insensibly  into  one 
another  so  that  the  junction  ia  not  visible  externally.  The  vas 
deferens,  in  its  turn,  becomes  continuous  with  a  wide  canal,  the 
vmcala  seminalis  (vs.  sem.),  which  opens 
by  a  short,  narrow  muscular  tube,  the 
ductus  ejaculatorius,  into  the  rectum. 
Behind  the  rectum,  and  opening  into  its 
dorsal  wall,  are  paired  muscular  sacs  {s), 
containing  i\ie  penial  seta.  {pn.  «.)  already 
noticed.  The  anterior  end  of  the  testis 
consists  of  a  solid  ma^  of  sex-cells : 
passing  backwards  there  is  found  a  cord 
or  rachis  occupying  the  axis  of  the  tube 
and  having  the  sperm-colls  attached  to> 
it :  still  further  back  the  spenns  become 
gradually  differentiated,  and  are  finally 
set  free  in  the  vas  deferens.  The  sperms 
are  peculiar  rounded  cells  (Fig.  20,  p. 
28,  c.d.e.);  when  transferred  mto  the 
body  of  the  female  they  exhibit  aniteboid 
movements,  but  as  long  as  they  remain 
in  the  male  ducts  they  are  non-motile : 
they  have  no  trace  at  any  stage  of  the 
characteristic  tail  of  the  typical  sperm. 
In  this  connection  it  may  be  mentioned 
that  the  tissues  of  Ascaris  are  remark- 
able for  the  total  oheenix  of  cilia. 

The  organs  of  the  female  (Fig.  225) 
resemble  those  of  the  male,  but  are 
double  instead  of  single.  Then-  are  two 
coiled, thread-like  ovaries  (w^.).  each  ptuss- 
ing  insensibly  into  a  uterus  (ut.).  In 
the  ovarj',  as  in  the  testis,  the  eggs  are 
developed  in  connection  with  an  axial 
cord  or  rachis.  The  two  uteri  unite  in 
a  short  muscular  vagina  (viff.)  which 
opens,  as  already  seen,  on  the  ventral 
surface  of  the  body  (gn2>-)  at  about  one- 
third  of  the  entire  length  from  the  head. 

Development.— The  eggs  are  pro- 
duced in  immense  numbers — at  the 
rate,  it  ha^f  been  reckoned,  of  about  15.000  a  day.  They 
are  fertilised  in  the  upper  part  of  the  uterus,  each  beci>ming 
enclosed  in  a  chitinoid  egg-shell,  and  are  passed  out  of  the  body 
of  the  host  with  its  faeces.  Segmentation  is  complete,  but  the 
details  of  development  are  not  known  in  this  species,  neither  ia 
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the  precise  manner  in  which  the  wonn  gains  access  to  the  human 
intestine.  It  is  possible  that  the  eggs  containing  devt-loping 
embrj'os,  or  the  embnos  themselves,  after  liberation  from  the  e^- 
shell,  may  be  taken  in  bv  drinking,  without  previous  filtering,  water 
into  which  fiecal  matter  has  been  discharged.  On  the  other 
hand  it  is  quite  possible  that  there  ntay  be  an  intennediate  boat 


such  as  we  have  met  with  in  the  Flukes  and  Tape-wi)niis,  and  shall 
also  find  to  occur  in  several  members  of  the  class  now  under 
discussion. 


2.  Distinctive  Chabactebs  axd  Classific.\ti(in. 

The  Xemato<ta  are  N  em  at  el  mint  bos  having  a  cylindrical  body 
of  great  length  in  proportion  to  its  diameter,  and  pointed  at  both 
ends.  The  body-wall  consists  of  a  tough  external  cuticle,  an 
ectoderm  in  the  fonu  of  a  syncytium  or  protoplasmic  layiT  con- 
taining nuclei  and  rarely  exhibiting  cell-stnicture,  and  a  single 
layer  of  longitudinal  muscular  fibres  which  arf  intfrruptt'd  along 
one  or  more  (dorsal,  vi-ntral,  and  lateral)  iint-s.  Thv  l»ody-wall 
encloses  a  body-cavity  containing  a  clear  fluid  ami  more  or  less 
encroached  upon  by  prix^es.'ies  <if  the  muscle-cells  or  othtr  ineso- 
demial  tissues.  The  enteric  canal  is  straight,  anil  cmisists  of 
pharj'nx,  intestine,  and  rectum :  tht-  pharynx  is  a  >t<>miMlii>nm. 
The  mouth  is  anterior  and  itTminal.  the  anus  vontnil  and  ^i^^late^l 
a  short  distance  from  the  posterior  end.  Excretory  canals,  ruuuing 
in  the  lateral  lines,  are  usually  present.  The  nervous  system  con- 
sists of  a  pharyngeal  ring  containing  nerve-eells  and  giving  off 
neri'es  forwards  and  backwnrrls:  nf  tht-  latter  a  single  ventml 
ner\'e-cord,  or  tw<i  cor<ls,  respectively  doi-sjil  iind  venlnd,  an.-  of 
considemble  size  anil  extend  to  the  jMisti  rior  end  of  the  bo*ly. 
The  Nematoda  an-  iu  nearly   all  cases  diiecinus :  egg>  UK-  pro- 
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duced  in  immense  numbers,  and  are  impregnated  within  the  body 
of  the  female.  The  spenns  are  non-motile,  or  perform  amoeboid 
movements  only  after  entering  the  female  organs.  Cilia  are 
wholly  absent. 

A  large  proportion  of  Nematoda  are  free-living,  spending  their 
whole  life  in  fresh-  or  salt-water,  damp  earth,  decaying  matter, 
&c.  :  the  remainder  are  parasitic  during  the  whole  or  a  part  of 
life. ' 

The  class  is  divided  into  two  orders. 

Order  1. — Nematoidea. 

Nematoda  in  which  the  coelome  is  not  lined  by  epithelium,  but 
is  bounded  directly  by  the  body-muscles.  There  are  two  chief 
nerve-cords  given  off  backwards  from  the  pharyngeal  ring  and 
lying  in  the  dorsal  and  ventral  lines.  There  are  two  excretory 
canals  lying  in  the  lateral  lines  and  opening  anteriorly  and 
ventrally.  The  gonads  are  continuous  with  their  ducts  and  con- 
sist of  long,  more  or  less  convoluted  cords.  This  order  includes 
the  whole  of  the  free-living  Nematodes  as  well  as  the  large 
majority  of  parasitic  forms. 

Order  2. — Gordioidea. 

Nematoda  in  which  the  ccelome  is  lined  by  a  distinct  epithelium. 
The  pharyngeal  nerve-ring  sends  off  a  single  large  ventral  nerve- 
cord  well  supplied  with  nerve-cells.  The  gonads,  or  at  least  the 
ovaries,  are  arranged  metamerically,  and  the  reproductive  products 
are  discharged  into  the  body-cavity  and  pass  thence  into  the 
gonoducts.  This  order  includes  a  small  number  of  greath' 
elongated  thread-like  wonns  which  are  parasitic  in  the  asexual, 
free-living  in  the  sexual  stage. 

Systematic  Position  of  the  Examine. 

Ascaris  lumbricoides  is  one  of  many  species  of  the  genus  Ascaris, 
and  belongs  to  the  family  Ascaridm  of  the  order  Nematoidea. 

The  absence  of  an  epithelial  lining  to  the  body-cavity,  and  the 
presence  of  elongated  gonads  continuous  Avith  their  ducts,  indicate 
its  position  as  one  of  the  Nematoidea.  Among  the  numerous 
families  constituting  this  order  the  Ascarid*  are  distinguished  by 
the  possession  of  three  lips  furnished  with  jmpillae,  and  by  tho 
body  of  the  male  being  curved  ventrally.  Ascaris  is  distinguished 
from  the  other  genera  of  the  family  by  the  absence  of  a  bulb-like 
enlargement  at  the  posterior  end  of  the  pharjTix,  by  the  posterior 
extremity  of  the  body  having  the  form  of  a  short  blunt  cone,  and 
by  the  presence  of  two  penial  setae  in  the  male. 
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3.  Generjll  Organisation. 

External  Character*. ^The  Neiiiutodn  vnry  much  in  sue :  the 
little  Angtiillula,  one  of  the  commonest  of  aquatic  animals,  does 
not  exceed  1  mm.  in  length,  while  the  dreaded  parasite  known  as 
the  Gninea-worm  {Draciiiiculus)  is  sometimes  as  nmch  as  2  metres 
(6  feet)  long.  The  length  is  always  great  in  proportion  to  the 
diameter,  and  the  body  is  always  bluntly  pointed  at  the  anterior 
end  and  either  pointed  or  forked  posteriorly.  One  of  the  most 
striking  cases  of  ilisproportion  between  length  and  breadth  is 
exhibited  by  the  free,  sexual  form  of  Gm-tfiiis,  one  of  the  Gordiacea ; 
it  is  found  in  earth  or  water  and  resembles  a  tangle  oi'  brown 
string,  the  length  being  frequently  as  much  as  15  or  16  cm.,  while 
the  diameter  does  not  exceed  0*5  mm. 

Body-wall.— The  body  is  always  covered  by  a  cuticle  secreted 
by  the  deric  epithelium  or  external  ect4xlerm  :  the  latter  usually 
takes  the  form  of  a  protoplasmic  layer  with  scattered  nuclei,  but 
in  the  Gordiacea  it  consists  in  part  of  a  true  epithelium — a  single 
layer  of  distinct  cells.  Beneath  the  ectodenii  is  a  muscular  layer, 
which  in  many  genera  has  the  same  structure  as  in  Ascaris,  i.t. 
consists  of  a  single  layer  of  longitudinal  fibi-es,  interrupted  at  the 
dorsal,  ventral,  and  lateral  lines, 
each  fibre  being  .spindle-shaped  la£l 

and  pnxluced  into  a  proto- 
plasmic process  which  projects 
into  the  body-cavity.  But  in 
many  fonus  (c.j.  S/rongi/liis)  the 
muscle-cells  are  flat  rhomboidal 
plates  (Fig.  228),  and  each  quad- 
rant contains  only  two  rows,  the 
total  number  in  a  transverse 
section   being   therefore    eight.  „ 

In   the  Gonliacea  the   muscles      w  ' 
are  interrupted  along  the  ventral     ^      >.<„Tho  i 
line  only,  the  <lorsarand  lateral  Sei.mt.-k,  i-i 

lines  b."ing  absent.     (Fig.  280.)         (a"" i-'"'->- 
Moreover    the    muscidar    layer 
in  this  .ii-der  is  lined  by  a  layer  of  epithelia 
the  body-cavity. 

Enteric  Oanal. — The  mouth  is  fivquentlv  anm-d  with  spines 
(Fig.  22!),  C),  by  means  of  which  the  worms  "draw  l>l.«>d  from  the 
intestinal  bhMMl-Vess(.'ls  of  their  host.  Many  fr.e-living  forms  have 
a  sharp  stylet  for  piercing  the  ti.ssues  of  thi'  plants  >in  which  they 
feed,  and  a  suctorial  apparatus  tor  absorbing  their  juices.  The 
posterior  end  of  the  pharj-nx  is  often  diluted  to  form  a  globular 
chamber  with  muscular  walls,  the  gizzard  (Fig.  2:11.//;.).    The  only 
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specially  interesting  variation  in  the  structure  of  the  intestine 
ia  that  occurring  in  Trichina,  one  of  the  Nematodes  parasitic 
in  Man,  in  which  this  part  of  thu  enttiric  canal  consists  of  a  single 
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trior  <mil.  diowlnjf, 
'  end  ul  mils,  wltk 


Fio.  t».— Doohmlna  dnodeiiBUa . 

biina.    (Af lar  Leui-kiirt). 

row  of  perforated  c^Us :  the  lumen  is  therefore  not  inter-  but 
t«(r«-cellular,  like  the  gullet  of  an  Infusor.  In  the  sexual  stage 
of  Gordius  the  enteric  canal  undergoes  more  or  less  complete 
degeneration.  There  are  never  any  digestive  glands,  but  in 
DochmiuH  a  pair  of  pear-shaped  bodies  of  unknown  fimction,  the 
cervical  glands  (Fig,  229,  B,  cv.  gl.\  lie  one  on  either  side  of  the 
pharynx  and  probably  open  externally  near  the  mouth. 

In  Nematoidea  the  ocBlome  or  hody-cavity  is  always  a  single 
continuous  chamber  cros.sed  in  various  directions  by  delicate  fibres. 


k 


but  in  Gordius  sheet-s  of  cffiiomic  epithelium  or  mesevieriet  (Fig. 
230,  mM.)  extend  longitudinally  through  it,  dividing  it  into  several 
compartments.     The  most  important  of  these  are  a  median  ventral 
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ividuct)^.     It  is  stated 
R  tin  excretory  canal 


compartment  containing  the  intestine  and  the  nerve-cord,  a.  pair 
of  large  lateral  compartments  containing  the  ovaries,  and  a  pair 
of  small  doreo-median  canals  which  act  as  <    ' ' 
that  the  median  ventral  compartment  acts  a 
and    opens    posteriorly   along    with    the 
oviducts :  in   the  Gordiacea  there  are  no 
lateral    excretory'   canals    like    those    of 
Ascaris   and    the    other    typical   Nema- 
todes 

In  the  Nematoidea  the  nerroiu  system 
has  the  structure  already  described  in 
Ascaris:  it  is,  however,  apparently  ab- 
sent in  some  free-living  forms.  But  in 
Gordius  it  is  much  more  highly  de- 
veloped :  the  pharyngeal  ring  is  of  great 
thickness  and  is  continued  into  a  smglo 
ventral  cord  (Fig.  230,  tmi.),  containing 
nerve-cells,  which  compares  very  well  in 
size  with  the  corresponding  organ  in  the 
higher  Worms,  Eye-ipoti  nave  also  been 
described  in  the  sexual  form  of  Gordius. 

The  reproductive  organs  in  all  the 
Neinatoidea  resemble  those  of  Ascaris, 
the  only  important  variation  depending 
upon  the  fact  that  in  the  smaller  fonns 
the  entire  genital  tube  (gonad  plus 
gonoduct)  is  snort  and  not  coiled  (Fig.  231, 
ta.  and  v.  d/.).  A  few  forms  are  herma- 
phrodite, but,  instead  of  having  a  double 
set  of  reproductive  organs,  as  in  Platodes, 
organs  of  the  ordinary  female  nematode 
type  are  present,  and  the  gonads  produce 
first  spenns  and  afterwards  ova.  Such 
animus  are  said  to  be  jtroiamlrinis  (male 
products  ripe  first),  and  self-impregnation 
18  as  effectually  prevented  as  if  the  organs 
of  the  two  sexes  were  distinct.  A  totally 
different  arrangement  is  met  with  in  the 
Gordiacea :  the  female  having  numerous 

pairs  of  ovaries  (Fig.  232,  A,  cvi/.)  arranged  ^Ty.'  ^lafcrtM;*  oS^' 

segmentally  and  attached   to  one  of  the  siit|jie)-,  ufur  ositb.) 

pEUtitions  (tius.)  of  the  body-cavity.     The 

ripe  eggs  are  discharged  into  large  egg-sacs,  formed  by  the 
lateral  compartments  of  the  body-cavity,  and  finally  make  their 
way  into  the  medio-dorsal  compartments  which  act  as  uteri  (C, 
ut.)  and  are  continued  posteriorly  by  short  vaginae  (''■'fff)  into  a 
median  chamber.     The  latter  opens  externally,  and  also  receives 


m.^/"t.a 


the  duct  of  a  large  sjTfi-matlieca  {spth.)  or  chamber  for  storing  the 
sperms  received  in  copulation.  In  the  male  tlordius  the  testes 
are  not  known:  they  seem  to  disappear  very  early,  after  discharg- 
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ing  their  contents  into  large  reservoirs  or  vonmla'  semijialei  (B, 
vs.sem.):  from  these  vasa  deferentia  are  continued  into  a  r/oaai(cl.) 
or  dilated  ejttreinity  of  the  intestine,  part  of  which  can  he  everted 
as  a  Imrsa  cojnihitrix  (J.f.). 

The  dcTelopment  of  Neniatoda  has  been  best  worked  nut  in 
Ascaris  nigrovenrjsa.  Segmentation  is  complete,  but  somowhat 
unequal  (Fig.  233,  A,  B),  and  the  ectoderm  cells  grow  over  the 
endodenn  (C).  fonning  an  epibolic  gastriila  with  a  long  slit-like 
blastopore  (D-F).  The  uiesodenn  is  developed  from  a  single  pair 
of  endoderm  cells  (D.,  ntes.),  which  enlarge,  multiply,  and  form  a 
distinct  cell-layer  between  eeto-  and  endoderm  (E-H).  The  epithe- 
lium of  the  pharjTix  is  formed  by  an  invagination  of  ectoderm, 
so  that  this  division  of  the  enteric  canal  is  a  true  stomodteum 
(I,  atilm.).  The  nervous  system  is  developed  from  certain  cells 
(G-I,  H.)  which  bud  off  from  the  ectoderm  at  the  anterior  end  of 
the  body.  The  reproductive  organs  originate  from  a  single  meso- 
denn  cell  on  each  side  (H,  I,  g.). 

Many  of  the  Nematoda  have  a  curious  and  complex  Ufc- 
bistory  :  a  few  examples  will  be  selected  for  description, 

Asfm-is  nigrovrnosa  liven,  in  the  sexual  condition,  in  the  lungs 
of  Frogs  and  Toads :  it  is  remarkable  among  members  of  the  class 
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in  being  hermaphrodite.  The  eggs  are  laid  and  the  embrjos  pass 
from  the  lungs  into  the  enteric  canal  of  the  host,  are  expelled  with  its 
&eces,  and  develop  in  water  into  a  sexual  Nematode,  called  the 
Shabditis-iorm,  in  which  the  sexes  are  separate :  in  this  the  ferti- 
lised eggs  develop  in  the  body  of  the  female,  and,  when  fully  formed, 
make  their  way  through  the  wall  of  the  uterus  and  proceed  to  devour 
the  whole  of  the  maternal  tissues,  leaving  nothing  but  the  cuticle. 


Being  set  free,  thoy  live  in  mud  until  they  siiccetii  in  gaining 
access  to  a  frog's  mouth,  when  they  |hiss  into  ihf  lung,  develop 
hermaphrodite  reproductive  orgiius,  and  so  re-comunnco  the  cycle. 
It  will  be  seen  that  we  have  here  a  jieciiliar  form  af  alternation 
of  generations,  distinguished  not  by  the  nlti'matioii  r)f  a  sexual 
witn  an  asexual  fonn  (metagenesis)  as  in  Hydrozoa,  but  by  the 
alternation  of  a  hermaphrociito  with  a  diii'ci<ius  f.inii.  This  tvpe 
of  alternation  of  generations  is  distingnishf<l  ns  Intfnycnu 


One  of  the  innst  teirible  parasites  of  man  is  Tri-Jnna  spiralis 
(Fig.  234),  a  minute  womi.the  ma]e(C)  a  little  over  1  mm.(rVin.) 
in  length,  the  leniale  (B)  about  3  mm.  (>  in.).     In  the  adult  i,>r 


» 


sexual  condition  it  lives  in  the  intestine  of  Man,  the  Pig,  and  other 
mammals.  Internal  impregnation  takes  place,  the  eggs  develop  in 
the  uterus  ot"  the  female,  and  the  minute  young  (B,  c),  to  the 
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number  of  at  least  a  thousand,  are  bom  alive.  Soon  after  birth 
the  young  worms  migrate  through  the  walls  of  the  intestine,  and, 
following  the  course  of  the  connective-tissues,  reach  the  voluntary 
muscles  of  the  host,  such  as  those  of  the  limbs,  back,  tongue,  etc. 
Each  Worm  then  penetrates  the  sarcolemma  of  a  muscle-fibre  and 
coils  itself  up  in  the  muscle-substance  (A) :  a  spindle-shaped  cyst 
(cy,)  is  formed  round  it,  and  the  muscle  undergoes  more  or  less 
degeneration.  This  process  gives  rise  to  various  morbid  symptoms 
in  the  host,  but,  after  some  months  the  cysts  become  calcified  and 
the  danger  to  the  infected  individual  is  over.  The  flesh  of  a  *'  trichi- 
nised"  human  subject  has  been  estimated  to  contain  100,000,000 
encysted  worms,  and  that  of  an  infected  pig  85,000  to  the  ounce. 
In  order  that  further  development  of  the  encysted  and  sexless 
Trichina?  should  take  place,  it  is  necessary  for  the  infected  flesh  of 
the  host  to  be  eaten  by  another  animal  in  which  the  Worm  is 
capable  of  living,  e.r/.  that  of  Man  by  a  Pig  or  Rat,  or  that  of  a  Pig 
by  Man.  When  this  is  done  the  cysts  are  dissolved  by  the 
digestive  juices,  the  worms  escape,  develop  reproductive  organs, 
and  copulate,  the  young  migrating  into  the  muscles  and  producing 
the  disease  as  before.  The  result  of  eating  an  ounce  of  "  trichi- 
nised "  or  "  measly "  pork,  improperly  cooked,  might  be  the 
liberation  in  the  human  intestine  of  perhaps  80,000  worms,  and, 
if  half  of  these  were  females,  each  producing  1,000  embryos,  some 
40,000,000  worms  would  shortly  begin  to  migrate  into  the  muscles, 
and  produce  the  various  symptoms  of  "  trichmiasis," 

It  will  be  noted  that  in  this  case  the  parasite  is  able  to  exist  in 
various  hosts,  and  that  both  sexual  and  asexual  stages  are  passed 
through  in  the  same  host,  dispersal  of  the  species  taking  place  by 
the  flesh  of  an  infected  animal  being  eaten  by  another,  either  of 
the  same  or  a  different  species. 

The  female  Guinea-wonii  (Dracunculus  wcdinensis)  attains  a 
length  of  80-200  cm.  (1-6  ft.),  and  lives  in  the  subcutiineous 
connective-tissue  of  Man.  The  eggs  develop  in  the  utenis,  and 
the  new-born  young  pass  out  of  the  body  of  the  host  through 
abscesses  caused  by  the  presence  of  the  j)arasite.  If,  as  must 
often  be  the  case,  they  e.sca])e  into  water,  they  make  their  way 
into  the  body    of  a  Water-flea  {Cyclops),  and  in   this   condition 

Srobably  reach  their  human    host    once    more  in   his   unfiltered 
rinking- water. 

CLASS  II.-ACANTHOCEPHALA. 

Tbia  cla»8  contaiiiH  a  few  genera  of  j^aranitic  worms,  of  which  Krhinorhynchut* 
is  the  chief.  The  present  section  wiU  be  <levote<l  to  this  genus,  a  not  uncommon 
parasite  in  the  intestine  of  Mammals,  Binls,  Reptiles,  Amphibians,  and  Fishes. 
The  largest  species,  A\  gigcM,  is  foun<l  in  the  Pig  (Fig.  'JSo,  A),  ami  has  once 
been  reconletl  in  the  human  subject  :  it  may  attain,  in  the  female,  a  length  of  50 
cm.,  or  more  than  half  a  yanl.  Most  sjiecies  are  small,  not  exceetling  1  cm.  in 
length. 

VOL.  I  V 


MO  ZOOLOGY  SECT. 

Bxternal  Char KCtera.— The  body  is  cyliiiJHi<aI.  anil  eiulx  In  fi-ont  in  n 
prulruaiblv  [KirtiDii,  the  pfo^ioMrtK  (A.  p.;  B,  pr.),  which  in  hImi  I'jlinili'ical  and  is 
coveretl  wicli  uiany  rows  of  recurved  chitinnid  hooks.  The  worm  liea  witJi  the 
proboncia  sunk  in  Ihe  wall  of  ihe  intestine  of  its  huet,  which  in  BDmetimeB  riddleil 
with  holes  formeil  in  this  way.  In  some  speties  there  ia  a  distinct  neck  (B,  n.f 
between  the  pt'oboscis  and  the  truck,  and  there  may  1>e  a  globular  dilsbitiun  at 
tihe  Bnt«i'ior  end  of  the  neck.  At  the  hinder  end  of  the  body  is  a  single 
aperture,  the  gonopore  or  reprodaotive  spertiire  iipip.) :  connected  with  this,  in 
the  male,   in  n  pmtnurihle,  bell-like  "tnicture,   the  burm  {h,],  which  acta  as  a 


-A,  EcblnorliTiiGhnB  Ki'BO-  fsnuile,  from  Uie  Pig  (nnt.  aim):    K,  B.  lealni- 

Am.  iimle.  (ruin  U»  edible  Frmt  {nmgriiacil).    I>.  Immii;  f.  u'.  csDiEnt  gUnilgi  ffmii. 

,  .         pf.  probnHclH :  P-,  IA.  retractor  miuolc  of  pmbw-ia  i 

rtiapsutory  ItgHmen'-  ■  ■—■*--  -  ■" — -^ 
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copulatory  organ,  like  the  somewhat  similar  organ  in  certain  Nematoila.  There 
is  no  U-ooe  of  mouth,  anus,  or  excretory  pore. 

The  body-wall  is  covered  with  a  utout  cuticle,  lieneath  which  is  a  striated 
protopUauiic  layer,  probably  repi'esentiny  the  ectoilerm.  Then  comes  a,  layer  of 
transverse,  and  then  one  of  longitudinal  uiusoles.  The  liody-wall  thus  coiLstitut^ct 
encloses  a  apacious  bady-ca«lt)'  containing  a  clear  fluid. 

In  con-eaponilence  wllb  the  absence  of  mouth  and  aniw  there  ia  no  trace  of 
enteric  canal,  the  Acanthocephalarcsembliog,  in  this  respect,  the  (^Uala,  the  only 
other  class  of  Metazoa  which  is  entirely  anenterous,  Fooil  is  thus,  as  in  tape- 
irma,  taken  entirely  by  alworiition  }iy  the  general  Burface  of  the  boily. 

The  pruxiniat  end  of  the  proboscla  is  containeil  in  a  inuacular  aheath  sunk 
the  anlerior  end  of  the  Irunk,  and  ia  provided  with  four  retractor  muscle*. 
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(Fig.  235,  r.m.).  Tlie  muBclefl  o£  the  alieath  are  circular  ami  act  as  pi-qtractors. 
At  the  sides  of  the  base  of  the  proboscis  two  club-Rhapeil  (irgniis.  tlie  /cmiii'ri 
{Im.),  huig  down  into  the  boily -cavity.  Their 
function  is  (jiilte  unknown,  but  tliey  have  lieeii 
compsreil  witli  tlie  cervical  glands  of  Nenia- 
twles  (p.  2N4). 

In  the  boily-wall  run  two  longitudinal 
T«BB*Ia  (('.)  containing  a  grsnulsi'  fluid,  anil 
connected  with  a  network  of  tine  usnalB  in  tlie 
proboBcis,  bursa,  ftc.  Tlie  function  of  these 
vessels  ia  not  known  witli  certainty  :  they  may 
have  to  ilo  with  the  al>aorption  and  cji-culation 
of  nourishment. 

The  cMtrkl  anions  tjmttm  (Fig.  2.1G,  >'<-. ) 
is  represented   by  a  ningle  large  ganglion  placid 


l^o.  23U.— Eohlnorhyncbaa  «!«>•      I>L<mi> 
lion  ••(  malt.    <■.  Initna ;  c.  ,il.  nMuuiit  iiliin.l»  ; 

boKlii ;  ■. '«.  "iiBjion-iry  lijinuii'iil ;  '■.  to"lf«  ; 
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at  the  base  of  tlie  prolHiseis,  ami  sendin 
In  the  nwie  there  are  alHo  two  gsnglia  i 
Or^mns  of  sense  are  wholly  absent. 
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A  pair  of  remarkable  excretory  origans  or  nepbrldia  have  l^een  found  to 
occur  in  Kchinorhynchus  gigas.  These  consist  of  a  pair  of  ramified  protoplasmic  ^ 
masses  situated  in  the  Ixxly-cavity  at  the  posterior  end  near  the  genital  aperture. 
In  the  interior  is  a  system  of  branching  canals,  the  terminal  bmnches  of  which, 
each  contained  in  one  of  the  tenninal  lol>es  of  the  tree-like  nephridium,  are  pro- 
vided with  ciliary  flames  ;  at  the  end  of  each  lobe  are  a  number  of  fine  perforations 
placing  the  contained  canal  in  communication  with  the  l3ody-cavity.  The  stalk 
of  each  nephridium  contains  a  single  main  canal  ;  tliese  unite  to  fonn  a  wide 
median  dorsal  channel  which  opens  behind  in  vlie  female  into  the  unpaired 
|K>rtion  of  the  oviduct  and  in  the  male  into  the  ejaculatory  duct. 

The  greater  part  of  the  body-cavity  is  occupieti  by  the  reproductiTe  origans. 
The  sexes  are  separate,  and  the  female  is  larger  than  the  male.  In  both  sexes 
the  gonads  and  their  ducts  are  connected  with  a  great  mispenwry  ligament  (t*.lg.)y 
whicli  extends  backwaixls  from  the  end  of  the  proboscis-sheath. 

In  the  male  there  are  two  ovoidal  tcnt^f*  (Fig.  236,  tn.)  connected  with  the 
BU8i>ensory  ligament.  From  each  a  fow  df-ferena  (v.df.)^  furnished  with  several 
vei*icuhf  seminales  or  sacs  for  the  storage  of  the  spermatic  fluid,  passes  backwards 

and  unites  witli  its  fellow  to  form  an  ejaculatory/  ducty 
with  which  are  connected  about  half  a  dozen  cement 
(flamU  (c.gl.).  The  ejaculatory  duct  opens  into  the 
bursa  or  bell-like  copulatory  organ  (/>),  and  has  at  its 
opening  a  small  papilla  acting  as  a  penis. 

In  the  female  the  ovary  is  connected  with  the  sus- 
pensory ligament  (Figs.  237  and  238,  ft.lg.).  When  ripe 
groups  of  ova — known  as  the  *'  swimming  ovaries  " 
(M.ovy.) — l)ecome  detached  and  swim  freely  in  the 
Inxiy-cavity,  where  they  are  impregnated.  The  ducts 
are  very  peculiar.  On  each  side  of  the  bo<iy  is  a 
muscular  nttriue  f}€ll  (/>),  M'idely  open  anteriorly  (Fig. 
238,  x)  into  the  ct^lome,  and  having  towards  its 
posterior  end  a  small  aperture,  also  communicating 
with  the  ca'lome  (y).  Each  bell  is  connected  M'ith  an 
oviduct,  and  the  two  oviducts  open  into  a  utei*us  («/.), 
which  itself  opens  by  the  genital  a|)erture  at  the 
posterior  end  of  the  Ixxly.  The  uterine  bells  perform 
rhythmical  swallowing  movements,  and  as  the  eggs — 
containing  partly  developed  embryos — float  in  the 
c<vlome  thev  are  swalloweil  bv  the  bells.  The  im- 
mature  eggs,  which  are  globular,  are  passed  l>ack  into 
the  ccvlome  through  the  }>osterior  apertui-e  (y)  of  the 
IhjII  ;  but  the  mature  eggs,  which  ave  spindle-shaped 
and  covered  with  a  chitinous  investment,  make  their 
May  from  the  l)ell  to  the  uterus,  and  so  to  the  vagina, 
r    1  The  early  stages  of  development  take  place  in  the 

I   f*y  ccvlome.      Segmentation  is  regular,  and,  according  to 

recent  researches,  a  ])eculiar  form  of  gastrula  is  pro- 

duce<l,  having  neither  archenteron  nor  blastoccele — in 

other  wonls  the  ectotiemi  ami  endodenn  are  in  close 

c<mtact  with  one   another,   and  no   central   cavity    is 

enclosed  bv  the  latter.      The  ectoilerm   cells   secrete 

a   cuticular  membrane  investing  the  embryo,  then  a 

second  membi-ane    is    formeii   within  the  first,  and  a 

thirtl  within  the  second  ;  the  embrvo  thus  comes  to  be 

enclo8eti  in  a  triple  ease,  which  diflfers  from  an  egg-shell  in  being  fonneil  by  the 

developing  ectixlemi.     At  what  will  become  the  anterior  end  chitinoid  hooks 

ap)>ear. 

At  about  this  periotl  the  embryo  is  bom,  and  reaching  the  intestine  of  the 
host,  is  extnuleii  with  its  fa'ces.      Its  further  development  depends  upon  its 


FuJ.  '2SS.— Fenvalo  onjjuia  of 
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being  Birsllowefi  l>y  an  intermediate  host,  which,  i 
Pig  ia  a  maggot,  the  larva  of  a  Beetle,  Cffonin  an 
freth-water  Fiah  have  for  their  internialiate  host 
certain  small  fresh -\i'ater  Crustacea  belonging  to 
the  genera  O'ammaru^  and  Antlliui. 

Having  reached  the  intestine  of  the  inter- 
mediate hoet,  the  L-hitinoiil  embryonic  membranes 
are  diaaolved  by  ita  digestive  juices,  and  the 
embryo  either  fixes  itself  to  the  wall  of  the 
intestine  or  makes  ita  way  into  the  cii>lonie  ;  in 
either  case  it  soon  begins  to  uiulergo  further  de- 
velopment. The  endoilerm,  hitherto  a  solid 
maas  of  celU,  undergoes  a  process  of  .aplitiing. 
becoming  divideil  into  an  outer  layer  in  contnot 
with  the  ectoderm  and  a  siilid  central  axis.  The 
latter  gives  rise  to  the  reproiluctive  organs  and 
the  suspensory  ligament,  the  outer  layer  to  n 
ctxlomic  epithelium,  from  which  tlie  boily- 
mnscles  arise  ;  the  cavity  formeii  by  tlie  splitting 
of  the  eniloilemi  is  the  cctlonie.  fart  of  the 
proboscis  and  its  sheath  are  also  of  endoilennal 
origin.  The  ectoiienn  gives  rise  tii  the  pn>t«- 
plaamic  layer  of  the  lHidy>wall,  to  tlic  whole 
system  of  veiisels,  anil  to  the  lemuisei.  The 
larral  cuticle  is  thrown  iilf  ami  n  new  one 
formeil.  The  larva  reaches  adult  proportions 
and  attains  Rexual  nialurity  onlv  if  the  inter- 
mediate is  eaten  by  the  jivrniaueiit  hoft, 

CLASS  III.-CHiETOaSATEA. 

The  present  group,  like  tliat  just  diseiuiscil. 
is  a  very  small  one.  containing  only  two  geiitTH 
iSai/iita  and  S/iailr/fa)  of  curiiiiis  arrow-shapwl 
-worms,  all  hut  one  sjiecies  i)f  which  a;-c  jsjlngic. 

Bstnnal  Obarsctars.— The  l>ody  (Fig.  'Aig) 
is  elongated  and  nearly  cylindrical,  ami  is  divided 
into  hearl,  irnut,  anil  tail,  the  heail  Iwing  uuirkeil 
off  by  its  somewhat  rounded  form,  while  the 
junction  of  trunk  and  tail  in  iiulii-iiteil  l>v  the 
ventrally  place.1  nnns  (a).  The  tail  Unrs  n'h.iri- 
Bontal  eipanBiim,  nr  mill W, All  ('.,/f.|.  und  tlieri' 
are  alao  horizoiitiil  latri-nl  .o'l'i-  (  rf, )— a  single  |mir 
in  Spadella,  two  )Mirs  in  Sa^ittn. 

Bo«T-waU.- There  is  no  tnticle,  Imt  tlic 
oDter  Uyer  of  tlu'  lio.ly-H-uII  is  fonn^l  by  «ii 
cfnilermisorilericepithelinm  |t'ig.  ^4l>,  il.'i-lliiii.), 
which,  instead  tif  lieing  hyncytiiil  a*  in  the  two 
(ireceiling  cUsscs,  is  fiirint!>l  of  several  layers  of 
epithelial  cells.  Xext  eiiines  a  delicate  'mt  w  ii' 
iRfnibmiir,  and  then  a  layer  uf  muscleH  (tn.).  the 
fibres  of  which  are  striateil  ami  dispusLil  hinfii- 
tudinally  in  four  iMnils— two  iloi'sii-latei'al  ntid 
two  i-entro- lateral —an  aiTangenienl  which  recalls 
that  of  the  con-eij|>oniling  laver  in  Xeinntmlii. 
Beneath  the  niUM-le  comes  a  ilclieate  lavcr  of  e  il.: 
Bntmtc  Canal.— The  mouth  (Fig.  ■J.ttP.  m.  I  i"  ii  I 
on  the  ventral  nuiface  of  the  lieuil ;  on  either  side  iif 


til..  i;xi.-Sactttahesaplera, 
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chitinoiil  liouke  IFig.  241,  ;/A.)  wliich  ore  move 
and  Beire  «s  jiiwf.  The  nntei-ior  regiou  of 
strengtheneil  by  tliitinoid  jilates  ami  partly 
mtogmnent. 

The  nioiith  leads  by  a  miiticulnr  phnrynx  or  stonKHlsiiin  into  n  stmight  inttii- 
line  [d),  which  extends  through  the  Iniiik  and  opens  by  the  niius  {a}  at  the  junction 


y  iniiivWE)  in  n  horizflii(»l  plane 
heail  also  bears  apineB,  niul  is 
ei-ed  by  a  hood-like  folil  t>f  the 


I 


of  trunk  and  tail     The  wall  fif  the  intestine  ia  inoile  of  two  layers  of  cells — an 
inner  ni  columnar  cells,  the  enteric  epithelium  ;  and  an  ontcr  oF  very  deltuale 
'    flattened  cells,  ths  ctvlomic  epithelium. 

C(Blonte.~At  the  junction  of  the  hand  with  the  trunk,  and  of  the  trunk  nith 
"'         "■  e  partitionH  or  mjrfa,  dividing  the  cielome  into  uomjiort- 

nients.  The  trunk- region  of  that  cavity 
is  further  eub-diiided  by  two  longitu- 
dinal partitions,  the  dormt  and  rtnlrat 
lamenteiiti,  which  connect  the  dorsal 
and  x'entritl  surfaces  respectively  of  the 
intestine  with  the  body-wall.  The  form- 
ation of  the  meoenteriea  is  beat  seen  in 
11  transverse  section  |Fig.  240,  A),  which 
shuwa  tliaC  at  the  niiddle  dorsal  bue  the 
lii^ur  of  c(eloniic  epithetinin  lining  the 
Itipih  iiiiil  Ijnrittal  lai/er)  l>ecomes  de- 
ti.^\i.i|  rhmnwarda,  forming  a  two- 
1. 1  111 ''I  iiicioliraue,  the  ihraaJ  tnefHlfrj/  : 
ill,'  iiiii  Ijiyers  of  this,  on  rtaohing  the 
iiiUi-tiiii.*,  diverge  and  jiass  one  on  either 
aiiU  of  it,  forming  the  rurfirU  layer  of 
cielomic  epithelium:  uniting  again  Iwlow 
the  intestine,  they  are  continned  down- 
wards aa  the  •v.iili-nl  mrftii'eiy,  and  on 
reaching  the  limly-Mnll  iliverge  once 
mow  to  join  tlia  parietnl  layer.  The  tuil-region  of  the  tn'loine  |B|  is  similarly 
divideil  into  right  and  left  chambers  by  a  lungitudinnl  veiiityil  [Hirtilioii. 

Tliere  is  no  trace  uf  Tucniar  ayatem  or  of  excretory  caoala.  The 
aerrona  aratein,  on  the  other  hand,  u  much  better  de^elojjtd  than  in  either  of 
the  pi-ecniing  cliiasc*.  in  acconlnnco  with  a  tree  life  and  active  movcniBiita.     Ou 


-IK'  I'l  "I  Sagltta  blpunctata, 
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the  dorsal  side  of  the  pharynx  ia  a  coinpatatively  large  train  (Fig.  241,3),  which 
aendc  off  on  each  sido  a  long  nerve-cool,  the  ftiojiha<jtal  eaniiectiit  {ic. ).  Tlie  two 
connectives  sweep  round  the  enteric  canal  and  unite  on  the  ventral  surface,  not 
(«■  from  the  middle  of  the  trunk,  in  an  elongated  renlral  ganglion  (Fig.  239, 
bg.),  from  which  numerous  nerves  are  given  off.  The  brain  semU  nen-ea  to  the 
«ye«  (Fig.  241,  an.)  and  to  the  olfactory  organs  {i-o.),  and  ia  also  connected  with 
two  pairs  of  ganglia  in  the  head, 
which  lie  deeply  sunk  in  th 
derm  :  all  the  reat  of  the  i 
«]rBtem  retains  ita  priniiti 
nectiOD  with  the  ectoderm. 

tmamorj     Or  (an*. — (. 

anrfaoe  of  the  iKxly  are  ni. 

little  papillie  carrying  stiff  bristle- 
like  proeesses,  and  prolalily  Ber\-- 
ing  aa  organs  of  touch.  There 
are  two  eyes  (Fig.  242),  situated 
one  on  each  side  of  the  ilorsnt  sur- 
lace  of  the  heail :  each  is  globular 
and  contains  three  biconvex  lenses 
</.),  separateil  by  pigment  {j>)  ^'i'\ 
surroundeil  l)y  rod-like  senaorv 
oelU(r:.).  The  dorsal  surface  o'f 
the    head    also   1>ears  an   aimiilai' 

ridge  of  peculiarly  modified  and  in  part  ciliated  cells  (Fig. 
olfactory  function  Iish  lieen  asKigneil. 

Karrodaetlon.— The  Chivt'-giiatha  are  mom 
Fig.  240,  ory.)  are  elongated  organs  siluated  ont 
of  the  ca'Iome,  and  ojiening  l>v  a  narrow  oviili 
septnm-  The  f«'f..  (Fig.  239,' ho.,  Kig.  240,  /-.)  arc 
region  of  the  ciKloine,  and  have  tlie  fonii  of  narrow 
seminal  cells  are  given  off  and  develop  hito  sgwiins  in  the  civlunie.  The  spermi- 
doctflor  va!«defereiitia  are  delicate  tu)ivB('^.)  opening  at  one  end  inlothecielome 
by  a  ciliateil  funnel-tike  extremity,  anil  at  tlie  otliiT  end  dilating  into  a  reservoir 
or  vtnieu/a  atmiutUi'  (>'>. ).  which  opena  externally  in  the  [lusterior  region  of  the  tail. 

Derelopment. — Inlemsl  impregnation   tiikex  gikcc,  nmt   the  ooaperm,  seg- 
menting completely  aud  regularly,  form*  h  typir'al  giistrnla  by  invagination  (Fig. 


The  ocn 


■0.):  to  this  a: 


.(Fig.  2.30,  or, 

each  side  of  the  trunk-region 

in  fmiit  of  the  posterior 

lilarly  aituateil  in  the  laiJ- 

froin  which  it 


243,  A|.  Two  endoilerin  cells  (.'/. )  at  the  anterior 
end  o[>poeite  to  Ihe  blni-tr>{Kii'u,  snHi  increase  gi-vni 
of  the  gonads.  Tlii«  precocious  differentiation  <> 
aiderable  importaiii-c,  us  will  1>e  seen  hereafter, 
intothe  arehenteivii  ami  diviile,  formingn  gimip  < 
mbaequently  l>ecome  the  ovaries  snd  two  the  tvet 


I'Uig  the>«  cells  migrate 
i-,-ll>l».;/.l.  t«oi.twhich 
llie  »amt.'  time  Iwu  folds 
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of  endoderm  grow  into  the  archenteron  from  its  anterior  end,  partly  dividing  the 
cavity  into  three  parts — a  middle  division  or  mesenterxm  (rf),  the  rudiment  of  the 
intestine  ;  and  two  lateral  divisions,  the  melentera,  or  coelomic  sacs  (c«).  There 
is  some  doubt  as  to  the  fate  of  these  lateral  divisions.  According  to  the  account 
w^hich  is  usually  accepted  they  become  the  right  and  left  compartments  of  the 
coelome  of  the  trunk.  According  to  another  account,  however,  their  cavities 
completely  disappear  and  the  trunk  portion  of  the  ccelome  arises  from  a  fissure 
which  appears  subsequently  between  the  ectoderm  and  the  endoderm  ;  the 
tail-region  of  the  body-cavity  is  formed  from  the  posterior,  undivided  portion  of 
the  archenteron.  The  blastopore  (W.)  now  closes  and  an  invagination  of  ectoderm 
— the  stomodaeum  (st. ) — takes  place  at  the  anterior  end,  and  finally  commimicates 
with  the  mesenteron. 

From  this  it  will  be  seen  that  the  ectoderm  of  the  gastrula  gives  rise  to  the 
deric  epithelium  of  the  adult  and  to  the  epithelium  of  the  phar^nix,  which  is 
therefore  a  stomodaeum  ;  from  the  same  layer  the  nervous  system  arises  at  a  later 
stage.  The  epithelium  of  the  intestine  arises  from  the  mesial  (inwardly -turned) 
layers  of  the  two  endo<lermal  ridges;  their  lateral  (outwardly -turned)  layers 
form  the  visceral  layer  of  coelomic  epithelium.  The  muscular  layer  of  the  body 
wall  and  the  parietal  layer  of  coelomic  epithelium  arise  from  the  rest  of  the 
endoderm,  i.e.  that  portion  of  it  which  remains  in  immediate  contact  with 
the  ectoderm.  Thus,  in  Sagitta  the  mesoderm  is  entii-ely  derived  from  the 
endoderm  of  the  gastrula. 


APPENDIX   TO    NEMATHELMINTHES. 

1.  Family  Ch<jBlosomiila'. 

This  family  includes  three  genera  of  small  worms,  ChcetOMoma^  Trisiicochixta 
and  Bfiabdogcuftery  which  are  sometimes  included  among  the  Nematoda. 

The  Ixxly  is  elongated,  its  anterior  region  sometimes  dilated  to  form  a  head. 
Either  the  whole  Ixxly,  or  the  dorsal  surface  only,  is  beset  with  fine  setse,  and 
there  may  be  a  double  row  of  movable  chitinoid  hooks  round  the  liead,  reminding 
us  of  the  ''jaws"  of  Sagitta.  The  ventral  surface  bears  curious  locomotor 
rodny  either  hooketl  or  with  knobbed  ends :  by  these  the  animals  crawl.  The 
mouth  is  anterior  and  terminal,  the  anus  posterior  and  ventral ;  there  is  a 
muscular  pharynx.  The  sexes  are  separate.  The  male  has  a  single  testis  :  the 
vas  deferens  opens  along  with  the  anus  :  there  are  two  penial  setie.  The  female 
has  paired  ovaries  and  a  single  vagina  opening  near  the  middle  of  the  body 
on  tlie  ventral  side. 

*2.   Family  EchinodericUe. 

EchinodertH  is  a  minute  marine  worm  of  cylindrical  form  with  a  flattened 
ventral  surface.  The  body  is  segmented  or  divided  into  rings,  eleven  or  twelve 
in  number,  all  strongly  cuticularised,  and  most  of  them  bearing  spines.  The 
mouth  is  placed  at  the  anterior,  the  anus  at  the  posterior  end  of  the  body  :  the 
fonner  opens  into  a  sac,  which  can  be  everted  so  as  to  form  a  prolx)8ci8  or 
irUroverty  and  is  armed  with  spines.  The  enteric  canal  consists  of  a  muscular 
pharynx  and  a  straight  intestine.  A  pair  of  sacs  opening  by  ciliated  ducts  on  the 
tenth  segment  appear  to  be  excretory  organs.  The  sexes  are  separate  :  the  gonads 
are  paired  sacs  opening  at  the  posterior  end  of  the  Ixxly. 

3.   Family  Desmoscohcido'. 

De-wioacolex  is  also  a  minute  marine  worm,  having  a  globular  head  and  a 
variable  number  of  segments.  The  head  bears  four  movable  chitinoid  rods  or 
setae,  and  a  pair  of  similar  structures  occurs  on  many  of  the  other  segments.  The 
terminal  mouth  leads  by  a  muscular  pharynx  into  a  straiglit  intestine  :  the  anus 
is  dorsal  in  position.  The  animal  is  dioecious  :  the  gonads  have  the  form  of 
simple  sacs,  the  testis  opening  along  with  the  anus,  the  ovary  on  the  ventral 
surface  anterior  to  the  anus.     The  male  has  a  pair  of  penial  seUv. 


VI  PHYLUM  NEMATHELMINTHES  iW 


AFFINITIES   AND  MUTUAL  RELATIONSHIPS  OF  THE 

NEMATHELMINTHES. 

The  affinities  of  all  the  classes  of  Nemathelmiiithes  are  very 
obscure,  and  the  propriety  of  grouping  them  into  a  single  phylum 
is  extremely  doubtful.  They  all  agree  in  being  elongated,  cylin- 
drical worms  with  a  coelome:  there  is  a  certain  resemblance 
between  Nematoda  and  Chsetognatha  in  the  muscular  system ; 
and  the  lemnisci  of  Acanthocephala  have  been  compared  with  the 
cervical  glands  of  Nematoda.  Beyond  these  points  there  is  little 
to  imite  the  three  classes,  and,  on  the  other  hand,  the  proboscis  of 
Acanthocephala  recalls  the  rostellum  of  Cestoda. 

The  three  families  placed  as  an  Appendix  to  the  phylum  present 
some  imdoubted  resemblance  to  the  S'ematoda :  this  is  especially 
the  case  in  the  reproductive  organs  of  the  Cha^tosomida^,  and  still 
more  in  those  of  Desmoscolex.  But  the  segmentation  of  the  body 
in  both  Desmoscolecidae  and  Elchinoderidae  and  the  presence  of 
setae  show  a  certain  resemblance  to  higher  wonns  or  Annulata, 
which  will  be  more  fully  appreciated  when  that  phylum  has  been 
studied. 
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The  typical  larval  form  of  a  number  of  the  groups  which  have 
yet  to  be  studied  is  a  fonn  which  is  known  as  the  Trochosphere  or 
TrochophoTf.  It  is  necessary  that  a  clear  idea  should  be  formed 
at  this  stage  of  this  important  larva,  reference  to  which  will  very 
frequently  be  made  in  the  sections  that  follow.  The  general 
shape  of  a  typical  trochosphere  is  oval  or  pear-like  (Fig.  244)  with 
a  broader  and  a  narniwer  end  and  distinct  bilateral  symmetry. 
Encircling  the  body  about  the  middle,  or  rather  nearer  the  broad 
than  the  narrow  end,  is  a  double  circlet  of  strong  cilia,  the  prw- 
oral  circlet  (pr.o?-/'i.)  or  jirototroch.  situated  on  a  corresponding  ring- 
like thickening  of  the  ectoderm ; 
behind  the  luouth  in  often  a  second 
circlet  of  cilia,  the  post-oral  circlet, 
and  a  ciliated  gmove  or  ciliated 
streak  usually  nins  backwards  from 
it  along  the  middle  of  the  ventral 
surface.  The  mouth,  situated  just 
behind  the  ]»neoral  circlet,  leads  into 
an  alimentjiry  canal,  which  at  first 
iiins  nearly  transversely,  and  then 
bends  round  so  as  to  nm  back  to- 
wards the  naiTow  end,  near  which 
it  opens  on  the  exterior  in  an 
anal  aperture.  About  the  middle 
of  the  bi-oader  (anterior)  end  of 
the  trochosphere  is  a  thickening,  the  apical  2>late  {Br\  project- 
ing from  which  are  usually  a  number  of  sensory  cilia:  and  in 
many  ti-ochospheres  eye-spots  and  a  pair  of  short  tentacles  occur 
ill  close  I'elation  with  the  apical  plate,  which  is  the  nerve-centre 
of  the  larva.  A  jmir  of  ciliated  tubes  which  may  be  present  are 
the  excretor\-  organs  or  nephridia. 
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In  the  higher  groups  in  which  this  fonn  of  larva  ixxnirs,  the 
adult  condition  is  attained  by  modifications  and  new  developments 
of  so  radical  a  nature  that  the  transition  fnnn  larva  to  adult  is  of 
the  nature  of  a  metamorphosis.  Sometimes  the  narrow  jwrt  of  the 
larva  elongates  and  becomes  divided  into  a  series  of  sections  fore- 
shadowing the  metameres  of  the  adult  animal :  in  other  caun^s,  in 
which  no  metamerism  occurs,  radical  changes  of  other  kinds  lead 
to  the  adult  form.  But  in  all  these  higher  gnmps,  whatever  the 
nature  of  the  changes  involved,  there  is  a  metamorphi>sis,  and  the 
adult  animal  is  totallv  unlike  the  larva.  In  a  small  number  of 
forms  now  to  be  dealt  with,  however,  theix^  is  no  such  radical 
change,  and  the  adult  may  be  Kx>ktHl  upon  as  a  somewhat  mixli* 
fied  trochosphere.  The  groups  thus  associated  together  may  not 
be  genetically  related :  they  may  have  become  indei)endently 
develojx*d  from  trochosphere-like  ancestors,  but  the  iH>ssession  of 
the  general  characters  which  have  been  referred  to  above  ivnders 
it  convenient  to  group  them  together  and  regaixl  them  as  con- 
.stituting  a  small  but  well-marked  phylum.  The  gnuijxs  Referred 
to  are  the  Botifera  or  Wheel-animalcules,  together  with  the 
Dhwphika  and  the  Gastrotricha. 


CLASS  I.-ROTIFERA. 

The  Rotifers  or  "  Wheel-animaleules  "  are  mien)scopic  cix'atuivs, 
very  abundant  in  pools,  gutters,  &c.,  and  fonnerly  classtnl  with  the 
Infusoria,  to  which  several  of  them  bear  a  sui>errtcial  resemblance. 
But  in  spite  of  their  minute  size  they  are  nndticellular  animals, 
having  an  enteric  canal,  a  cielome,  ne])hri<lial  tubes,  gonads,  a 
nervous  system,  and  sense-organs,  and  have  then'ft)re  nt>  real 
rt»lationship  with  the  Protozoii. 

1.   Example  of  the  Cl.vss — lintrhUmna  n/hns. 

External  Chaxactera. — Braehiomis  (Fig.  245)  is  onr  of  the 
commonest  members  of  the  cht^^s,  being  fretjui'ntly  found  in 
abundance  in  ponds,  ditches,  izc.  It  is  about  ^  nun.  ( 7^,  in.)  in 
length,  and  is  divisible  into  two  distinct  |Mirts — a  broad  anterior 
region,  the  tnink,  and  a  slender  movable  ttnl  (/.).  The  tnuik  is 
enclosed  in  a  ghvssy  cuirass  or  Un-iai  (Ir.),  formed  by  a  thickening 
of  the  cuticle  and  jjrcnluced  into  several  s]>ines :  the  tail  is 
wrinkled  su]>erHcially  ami  ends  in  twt>  slender  pn>cesses,  together 
fonning  a  kind  of  forceps,  (hie  surface  of  thi'  trunk  is  tlattencKl, 
and  owing  to  the  po.sition  of  the  mouth  is  considered  as  irntwl, 
the  opposite  or  dnrsal  surface  is  convex  both  fmni  bi'fore  back- 
wards, and  from  side  to  sid(\ 

The  anterior  j)ortion  of  the  IkkIv  projects  from  the  lorica  in  the 
form  of  a  tmnsvt'rse  disc(//v/.),  with  a  prominent  edge  fringed  with 


cilia :  this  is  the  Iroc/ud  dUc  and  is  one  of  the  moat  charactenstic 
oi^ns  of  the  class.     By  tho  action  of   the  cilia  the  animal  ]s 

Sropelled  through  the  water,  and,  as  in  Vorticella,  their  successive 
exion  gives  an  appearance  of  rotation  to  the  disc  or  "  wheel- 
organ  "  whence  the  name  of  the  class  is  derived.  Within  the  circlet 
of  cilia  arise  three  prominences  (e.l.)  covered  with  cilia  of  large 
size.     The  trochal  disc  is  not  perfectly  symmetrical,  but  has  at  one 
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port  of  its  circumference  a  depression  in  which  the  mouth  lies: 
this  marks  the  ventral  surface.  The  anus  (a.)  is  dorsal  in  position, 
and  is  placed  at  the  junction  of  the  tail  with  the  body-trunk. 

The  body-wall  consists  of  an  epidermal  layer  covered  by  a 
chitinoid  cuticle :  it  is  by  a  thickening  of  the  latter  in  the  region 
of  the  trunk  that  the  lorica  is  pnKluced.  There  is  no  continuous 
muscular  layer,  but  several  bands  of  unstriped  muscle  (m.)  pass 
froDi  the  lorica  to  the  trochal  disc  in  front  and  to  the  tail  behind, 
and  act  an  retractors  of  those  organs. 
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Digestive  Organs. — The  Toovih  (Fig.  248,  mth,)  lies,  as  already 
mentioned,  in  the  ventral  region  of  the  trochal  disc,  anterior  to  the 
ciliarj'  circlet,  but  posterior  to  the  three  ciliated  lobes ;  it  leads  by 
a  short  buccal  cavity  into  a  pharynx  {ph.)  of  peculiar  structure, 
known  as  the  maMax,  and  constituting  one  of  the  most  character- 
istic organs  of  the  class.  The  mastax  is  a  muscular  chamber 
(Fig.  246)  of  rounded  form,  and  contains,  as  a  thickening  of  its 
cuticular  lining,  an  elaborate 
apparatus  for  triturating  the 
food.  In  the  middle  line  is  a 
forked  structure,  the  inciLS, 
consisting  of  a  small  base 
or  fulcrum  (/.)  and  of  two 
branches  or  rami  (?•.).  On  ^ 
either  side  of  the  incus  is  a 
hammer-like  structure,  the 
malleuSy  consisting  of  a  handle 
or  manubrium  (m.)  and  of  a      „    „,,    „^  * «     ^. 

toothed    neaCl     or     uncus    \U,).  /.  fulcmm ;    m.  mauubrium ;    w.  uncus ;    r. 

By     means     of     the     muscular  "^^"-    (After  Hudson  and  Go«sc.) 

walls    of    the    chamber    the 

heads  of  the  mallei  are  worked  backwards  and  forwards  upon  the 
forked  incus,  and  thus  reduce  the  organisms  taken  as  food  to  a 
fine  state  of  division. 

The  pharynx  leads  by  a  short  gullet  into  a  spacious  stomach  (st,), 
having  a  wall  composed  of  very  large  epitnelial  cells,  ciliated 
internally:  with  it  are  connected  paired  digestive  glands.  The 
stomach  opens  into  a  rounded  intestine  {int.)y  also  ciliated  internally, 
which  communicates,  by  means  of  a  short  cloaca  (c/.),  with  the  ex- 
terior. The  stomach  and  intestine  are  formed  from  the  archenteron 
of  the  embr}'o  and  are  therefore  lined  by  endodenn  :  the  rest  of  the 
enteric  epithelium  is  ectodermal,  the  pharynx  being  derived  from 
the  stomodaeum,  the  cloaca  from  the  proctoda^um.  Between  the 
body- wall  and  the  enteric  canal  is  a  spacious  coelome  containing 
a  fluid  which  serves  the  purpose  of  blood  and  contains  minute 
granules. 

The  excretory  ssrstem  consists  of  paired  nephridial  tubes 
(Figs.  245  and  248,  nph.)  resembling  those  of  the  Platyhelminthes. 
Their  general  direction  is  longitudmal,  but  they  are  a  good  deal 
coiled  and  give  oflf  little  tag-like  processes  ending  in  flame-cells. 
The  lumen  of  the  tubes  is  intra-cellular :  it  is  uncertain  whether  or 
not  the  cavities  of  the  flame-cells  communicate  with  the  ccelome 
by  apertures  in  their  walls.  Posteriorly  the  nephridial  tubes  ojKjn 
into  a  bladder  or  contractile  vesicle  (c.  r.),  the  contents  of  which 
are  discharged,  by  periodical  contractions,  into  the  cloaca. 

Nervous  System  and  Sense  Organs. — There  is  a  single 
ganglion  or  brain  (br.),  of  proportionally  large  size,  situated  at  the 
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anterior  end  of  the  boily,  above  (dorsal  to)  tlio  month  mid 
pharynx.  On  the  dorsal  surface  of  the  brain,  whi-iv  it  coiiiet- 
into  contact  ivith  the  body-wall,  is  a  small  red  ci/c-n/iot  {c). 
The  only  other  organs  which  can  be  considered  as  sensory  are 
three  structures  known  as  ttidile  rods  or  feelers;  one  of  these  ('f./.)- 
is  a  small  cylindrical  process  tipped  with  stifl'  hair-like  bodies, 
which  projects  from  the  doreal  surface  just  behind  the  trochal  disc: 
the  other  two  (l.f.)  are  paired,  situated  on  the  dorsjil  surface  of 
the  loricji  iiiid  imi  pruiiiiiirni- 

The  tiiil  cuLiiiuii^  ,1  \i.nf  nf  miifnt  glands  (c.  gl.)  by  the  secretion 
of  which  tin.'  niiiiiiiil  ii  :t\'\r  iriapornrily  to  attach  itself. 

Reproduction  and  Development. — The  sexes  are  lodged 
in  distinct  iodividualc,  which  present  a  striking  degree  of  sexual 
dimorphism.  The  preceding  description  applies  to  the  female, 
which  is  the  fonu  most  commonly  met  with.  In  addition  tti  the 
organs  already  mentioned  it  has  an  ova^i/  (ov),  connected  with  a 
large  vitellarium  (r()  and  opening  by  an  oviduct  into  the  cloaca. 

The  male  (Fig.  247,  A)  is  a  very  minute  creature,  not  more  than 
one-fourth  the  size  of  the  female,  and  is  strangely  degenerate  ini 
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structure.  The  enteric  canal  is  absent,  the  trochal  ilisc  simple  in 
structure,  the  nervous  system  and  nephridial  tubes  greatly  reduced, 
and  the  greater  part  of  the  body  occupied  by  a  large  testis  (ts.) 
which  opens  by  a  duct  at  the  extremity  of  a  protrusible,  dorsally 
placed  penis  (p.). 

After  extrusion  the  eggs  are  attached  to  the  ba.se  of  the  tail 
of  the  female  (B,  ov'.),  where  they  undergo  development :  they  are 
of  two  sizes,  the   larger   giving  rise   to  females,  the   smaller  to 
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in&le&  Probably  both  kintls  d^v^lop  panhtnog^netioally.  but  in 
the  aatmnn  thick-shfllod  iriiU^r  <ggs  aiv  prutluot^  which  appear 
to  require  fenilisatioiL  Tht?^  remaia  quieiceDt  during  the  uiDter. 
and  in  the  spring  develop  into  feniale^^ 


2. — DlSTIXCTIVE  ChARACTEIW   and  C'LASSIFICATlilX, 

Tbe  Rotifera  are  Tnxrhelminthes  of  micrnsoiitie  sizt-.  Tho  ante- 
rior end  is  modified  into  a  retraotilo  tn-ohal  disc,  with  variously 
arrangnl  cilia:  tbe  jKJSterior  end  usually  C>nns  a  mobile  and 
oft«n  telt?i4?opically  joiniefi  tail.  The  mouth  is  anterior  and  more 
or  less  ventral  in  position,  the  phannx  cuniiiins  a  chitinous 
masticator}-  apjKiratus.  and  the  anus  is  placcil  dorsjilty  at  the 
junction  of  ihe  tnink  with  the  tail.  Then-  is  a  ^iwoious  oa-lonio. 
The  excretory  organs  are  a  jiair  nf  nejihriilial  tuVs  ]inivide«i  with 
flame-cells.  The  nenous  system  e>>nsi>is  of  a  sinj;le  dorsjil 
ganglion.  The  si-xes  are  si-piinite,  and  the  males  are.  in  nearly  all 
cases,  .■smaller  than  the  females  ami  degenerate  in  stnietun'. 

The  class  i.s  divide*!  into  five  onlers  as  follows: — 

Order  1. — Rhizota 
Botifera  which  are  ti.tiil  iu  the  adult  state  by  the  trurK'att.Hl  enil 
of  the  non-retractile  tail. 

Including  Flo6rnUti-ui.  St(j-/"inc'f !■<•■<.  MdUd-f".  etc. 

Order  2. — BdelldIpa. 

Rotifers  which  Ixtth  -swim  fr^-ely  by  means  of  the  cilia  of  the 
disc  and  creep  after  the  manner  <>f  a  Leeeh.  The  tail  is  telescopic 
and'forketl  di.stally. 

Including  Koti/cr,  Philotliin'.  etc. 
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Order  3. — Ploima. 

Rotifera  in  which  locomotion  is  performed  by  the  ciliated  disc 
only.     The  tail  is  usually  forked  and  more  or  less  retractile. 

Sub-order  a. — Illm'icata 

Ploima  in  which  the  trunk  is  not  covered  by  a  lorica. 
Including  Hydatiiia,  Polyarthra,  Asplanchna,  etc. 

Sub-order  b, — Loricata 

Ploima  in  which  a  lorica  is  present. 
Including  BrachionuSy  EuMani$,  etc. 

Order  4. — Scirtopoda. 

Rotifera  provided  with  setose  appendages  moved  by  striped 
muscles :  skipping  movements  are  performed  by  the  aid  of  these 
as  well  as  swimmmg  movements  by  the  trochal  disc.  The  tail  is 
either  absent  or  is  represented  by  a  pair  of  ciliated  processes. 

Including  Pcdalion  and  Hexarthra. 

Order  5. — TRocHosPHiERiDA 

Globular  Rotifera  having  the  trochal  disc  represented  by  an  equa- 
torial circlet  of  cilia  ;  tail  absent. 
Including  Trochosphcera  only. 

Systenuitic  Position  of  the  Eocample, 

Brachionus  rubeus  is  one  of  several  species  of  the  genus 
Brachionus:  it  belongs  to  the  family  Brachionidce,  and  to  the 
sub-order  Loricata  of  the  order  Ploima. 

It  is  placed  in  the  order  Ploima  in  virtue  of  its  active  swimming 
habits  and  the  absence  of  looping  or  skipping  movements.  The 
presence  of  a  distinct  lorica  places  it  in  the  sub-order  Loricata. 
The  family  Brachionidae  is  distinguished  by  having  a  box-like 
lorica  open  at  both  ends,  and  a  long,  flexible,  retractile  tail  with 
wrinkled  surface  and  forceps-like  termination.  In  the  genus 
Brachionus  the  lorica  is  not  marked  with  ridges,  and  the  tail  is 
very  long  and  perfectly  retractile.  In  B.  rubens  the  anterior  edge 
of  the  lorica  is  produced  dorsally  into  six  spines  and  is  sinuous 
ventrallv. 

3.  General  Organisation. 

External  Characters. — The  majority  of  the  Rotifera  are  free- 
swimming,  being  propelled  rapidly  through  the  water  by  the  action 
of  the  trochal  disc.  But  in  the  Bdelloida  (Fig  249,5),  in  addition 
to  this  mode  of  progression,  the  animal  performs  looping  move- 
ments like  those  of  a  leech  :  the  tail  in  this  order  is  freely  jointed, 
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the  variouh  segineiit.'-  fitting  into  one  another  like  thi?  tubi?s  of  a 
tel«8co]je,  and  the  body  is  fixed  alternately  by  it  and  by  the  anterior 
end,  the  trochal  disc  being  kept  retracted  while  the  aninial  moves 
in  this  way.  Many  of  the  Ploima  also  have  a  telescopic  tail,  but 
in  Bume,  e..7.  Aaphtnehna  (Fig.  249,  6),  this  organ  is  absent.  In 
PedfUiffn.  (Fig.  250,  7)  curious  skipping  movements  are  performed 
by  the  aid  of  aix  hollow  limbs  or  appendages,  one  dorsal,  one 
ventral,  and  two  on  each  side.  These  curious  organs  are  ter- 
minated bv  feathered  setje,  and  closely  resemble  the  limbs  of 
some  of  the  lower  Crustacea,:  each  is  moved  by  two  opposing 
muscles  which  extend  into  its  cavity  (i,  B,  m).  Three  pairs  of 
similar  appendages  are  present  in  the  other  genus  of  Scirtopoda, 
Hejurlhra  (Fig.  250,  ^),  the  resemblance  of  which  to  the  Nauptius 
larva  of  Crustacea  is  very  striking  (see  Fig.  395),  and  four  genera 
of  unarmoured  Ploima,  e.3.  Polyntthra  (Fig.  249,  8)  possess  simple 
or  fringed  sette  moved  by  muscles  attached  to  their  oases. 

In  the  Rhizota  the  adult  is  i>ermanently  fixed  (Fig.  249, 1-^). 
The  end  of  the  tail  is  devoid  of  the  characteristic  fork,  and  is 
attached  to  plants  or  other  supports.  Moreover  the  animal  is 
surrounded  by  a  tube,  into  which  it  can  retract  itself  completely, 
protniding  the  anterior  end  with  the  trochal  disc  when  undis- 
turbed. In  most  instances,  as  for  example  in  Flosciilaria  (1)  and 
Stepfui7ioceros  (3),  the  tube  is  formed  of  a  delicate,  transparent, 
gelatinous  secretion  of  the  epidermis,  but  in  Mdicerta  {3)  it  is 
built  up  of  rounded  pellets,  which  the  animal  moulds  in  a  cup-like 
depression  on  the  dorsal  surface  and  places  in  position  one  by  one. 
T'he  pellets  are  usually  formed  of  foreign  particles,  but  in  some 
species  are  made  of  the  animal's  own  fjeces. 

The  ciliation  of  the  trochal  disc  is  subject  to  considerable 
variation.  In  its  simplest  form  the  disc  is  surrounded  by  a  single 
circlet  of  cilia,  within  which  lies  the  mouth.  A  modification  of 
this  tj'pe  may  be  produced  by  the  prolongation  of  the  ciliary 
crown  mto  long  arm-like  processes  fringed  with  cilia,  as  in 
Skfhanocerm  {2),  or,  as  in  Floaculuria  {1),  into  blunt  elevations 
bearing  long  stiff  cilia  like  those  of  the  Heliozoa.  The  single 
circlet  may  be  folded  upon  itself,  or  n  si«ond  tj'pe  may  be  pro- 
duced by  the  addition  of  a  second  circlet  within  and  parallel  to 
the  first.  The  mouth  in  this  case  is  alwaj-s  placed  between  the  two 
circlets  on  the  ventral  side  (Fig.  248),  so  that  the  inner  or  anterior 
circlet  b  pne-oral  and  corresponds  with  the  chief  ciliary  band 
of  a  Trochosphere  larva,  while  the  outer  or  posterior  circlet  corre- 
sponds with  the  post-oral  band  found  in  many  worm  larvK.  In  the 
curious  globular  TrockasphK^a  (Fig.  250,  3)  there  is  a  single 
equatorial  circlet,  which  is  pr£e-oral,and  a  few  post-oral  cilia:  here 
the  correspondence  with  the  tj'pical  wonn  larva  is  singularly 
close.  lastly  both  the  pne-  and  post-oral  circlets  may  be  pro- 
duced into  more  or  less  complex  lobes,  as  in  Melicerta  (Fig.  249, 4). 
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or  may  be  intemipted  as  in  BraohioiHis.  in  which  the  pra^-oral 
circlet  is  represented  by  three  distinct  lube^.  or  as  in  Pedalion. 
in  which  both  circlets  are  divided  into  right  and  left  moieties. 
In  one  genus  the  trochal  disc  is  absent. 


fe^;,. 


phivnu:  i.  kuk.-  unniii :  r.  I.  tmtml  lIuiK     (Aflcr  IIikI'*'!!  aii.!  (•<~>v  tl  an-l  Si  iui<l 
E^i^^ll  and  UvidiTdK) 


DigeatiTe  Or^ana. — The  tyjiical  furni  nf  nmstax  .n-  pharyngeal 
mill  is  that  du-scribetl  in  Bmchiomis  (Fig,  24ti :  Then'  is  an  un- 
paired incus  consisting  of  a  short  stem  or  /t'l'-rmii  (/).  and  of  two 
brotui  branches  or  7-ami  (r),  an<l  a  pair  of  m«tki.  each  consisting 

X  2 
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of  a  stout  handle  or  manubi-ium  (m)  and  a  broad,  toothed  head  or 
uticus  (m).  In  some  forms  all  the  parts  of  the  apparatus  become 
very  slender,  the  incuB  assuming  the  form  of  forcep  (Fig.  251,  A). 
Or  the  mallei  may  be  absent  and  the  two  rami  movable  upon 
one  another  so  as  to  convert  the  incus  into  a  pair  of  forceps  (B) 


'■"■  '■",-!£ 


used  to  seize  prey,  the  inastax  being  in  this  ease  protnisible. 
Lastly,  the  fulcrum  and  manubrium  may  be  absent,  and  the  unci 
and  rami  very  strong  and  massive  (C). 

The  sttniKuk  is  always  large,  and  usually  has  a  pair  of  digestive 
glands  opening  into  it :  it  may  pass  insensibly  into  the  intestine, 
or  the  latter  may  be  a  distinct  chamber  of  more  or  less  globular 
form.  In  the  Rhizota  the  intestine  turns  forwards  so  as  to  allow  of 
the  anus  being  brought  over  the  edge  of  the  tube  in  de&ecation 
(Fig.  240.  4-  <')■  In  Asjjiamhna  (b)  the  stomach  ends  blindly,  the 
intestine,  cloaca,  and  anus  being  absent. 

The  excretory  lyitem  is  very  uniform  in  structure.  It  con- 
sists of  a  pair  of  more  or  less  coiled  nephridial  tubes,  placed 
longitudinally  and  giving  oif  lateral  branchlets  which  end  in 
fiame-cells.  Frequently,  but  not  always,  the  two  tubes  open 
posteriorly  into  a  contractile  vesicle  or  bladder  which  discharges 
into  the  cloaca. 

Nervoiu  Sy>tem  and  8«iue  Orgaiu.^ — The  nervous  system 
always  consists  of  a  single  ganglion  (Fig.  248,  br)  towards  the 
dorsal  aspect  of  the  anterior  part  of  the  body,  and  representing  the 
brain  or  supra-tesophageal  ganglion  of  the  higher  Worms :  it  sends 
nerves  to  the  nmacles,  trochal  disc,  and  tactile  organs.  One  or 
more  eyespds  (e)  are  usually  present,  and  are  always  mere  spots 
of  pigment  in  close  relation  with  the  brain.  The  only  other  organs 
of  sense  are  the  tactile  rods  (d./.,  //),  of  which  there  is  usually  one 
on  the  dorsal  surface  near  the  anterior  end  of  the  body,  and 
frequently  two  others,  one  oB  each  side  of  the  trunk.     They  are 


vu  PHYLUM  TROCHELMINTHES  309 

more  or  less  rod-like  structures,  tipped  with  delicate  sensory  hairs 
and  receiving  nerves  from  the  brain. 

Reproduction  and  Development. — In  most  cases  the  female 
reproductive  organs  have  the  same  general  character  as  in  Brachi- 
onus,  i.e.  the  gonad  is  unpaired  (ov),  consists  of  germarium  and 
vitellarium,  and  is  provided  with  an  oviduct.  But  in  some  of  the 
Bdelloi'da,  such  as  Philodina,  there  are  two  ovaries,  not  divisible 
into  germ-gland  and  yolk-gland,  and  the  oviduct  is  absent.  The 
males  are  smaller  than  the  females  and  degenerate  in  structure, 
the  enteric  canal  being  atrophied  (Fig.  247,  A).  There  is  a  large 
testis  (t)  with  a  duct  opening  at  the  end  of  a  protrusible  penis  {p). 
Apparently  hypodermic  impregnation  sometimes  takes  place,  i.e.  the 
body-wall  of  the  female  may  be  perforated  at  any  place  for  the 
entrance  of  the  sperms. 

Three  kinds  of  eggs  are  produced  :  large  and  small  summer  eggs, 
which  always  develop  parthenogeneticall}',  the  larger  giving  rise  to 
females,  the  smaller  to  males  ;  and  thick-shelled  winter  eggs,  which 
probably  require  impregnation  and  remain  in  an  inert  condition  all 
through  the  winter,  finally  developing  in  the  spring.  Most  Rotifers 
are  oviparous,  but  some  (Philodina,  &c.)  bring  forth  living  young, 
which  are  bom  by  breaking  through  the  body-wall  or  through  the 
cloaca,  thus  causing  the  death  of  the  parent. 

Segmentation  is  total  and  irregular,  the  oosperm  dividing  into 
megameres  and  micromeres.  An  epibolic  gastrula  is  formed,  the 
blastopore  closes,  and  invaginations  of  ectoderm  give  rise  to  the 
stomodaeum  and  proctoda?um.  The  tail  is  formed  as  a  prolongation 
of  the  postero-ventral  region  of  the  embryo,  and  contains  at  first 
an  extension  of  the  endodenn.  No  metamorphosis  is  known  to 
take  place  in  any  member  of  the  class. 

EUiology. — A  few  Rotifers  live  in  the  sea,  but  the  majority 
are  fresh-water  fonns,  occurring  in  lakes,  streams,  ponds,  and  even 
in  puddles  the  water  of  which  is  rendered  foul  and  opaque  by  mud 
and  sewage.  Frequently  the  water  in  which  they  live  is  dried  up, 
and  the  thick-shelled  winter  eggs  may  then  be  widely  dispersed 
by  wind.  It  is  even  stated  that  the  adult  animals  may  survive 
prolonged  desiccation  and  resume  active  life  when  again  placed  in 
water.  Many  forms  cling  to  the  bodies  of  higher  animals  in  order 
to  obtain  a  share  of  their  food,  thus  leading  a  kind  of  commensal 
existence.  Others  go  a  step  further  and  become  true  external 
parasites,  like  Drilophiga  on  a  fresh-water  Oligocha^te  {vide  infra), 
or  Seison  on  the  little  crustacean  iVig^/Zw  (Fig.  422).  Others,  again, 
are  internal  parasites, such  d^Alhertia  in  the  cuelome  of  Earth-worms, 
and  the  intestines  of  fresh- water  Oligocha^tes  (Xifi.s)  or  Notommato 
werneckii  in  the  cells  of  the  fresh-water  W^Vnucherin. 

Affinities. — The  affinities  of  the  Rotifera  are  verv  obscure. 
Their  general  resemblance  to  the  free-swimming  larva*  of  Annelids 
is  extremely  close,  and,  in  jmrticular,  the  curious  Trochospha^ra  is. 


to  all  intents  and  purposes,  a  sexually  mature  trochospliere  with  a 
niastax.  The  excretory  organs  recall  those  of  the  Platyhflniinthes. 
and  also  resemble  the  provisional  nephridia  or  head-kidneys  of 
Annulate  larvie.  Lastly,  the  hollow  muscular  apjienda^cs  of  Peda- 
lion  and  Hexarthra  give  those  genera  a  certain  resemblance. 
which  i»  probably,  however,  merely  adaptive,  to  the  Naiiplius  or 
free -swimming  lar^'a  of  Crustacea. 

Class  II. — DisoPHir.EA. 


The  variOHB  Bpecies  of  the  genua  Di 
Rotifera,  ns  moililied  Trochosphei-ea. 
UinophiluB  (Fig.  '252)  i»  a  minHte 


.vith  I 


n[  live  to  eight  segment*  separnt«J  frurn  une  iinother 
hy  constrictionH,  ami  a  short  ventral  tail. 
The  iiroBlomiuni  beara  two  eye-Bpota  (n) 
anil  some  aeiiiiory  hairs ;  it  it  either 
Guv-era<l  uniformly  with  cilia  or  I)«ara  two 
nr  three  muiuiar  ciliated  bands,  apparently 
I'epreseniing  the  prototrocli  ut  the  Tro- 
chrnphere.  The  body  ia  in  Bome  of  the 
speoieB  uniEormly  ciliated  ;  in  others  the 
cilia  are  disposed  iii  riugs  ("■()  cafreapond- 
ing  to  the  aegtnenls,  exi^apt  an  the  ventral 
Aiirfnce,  where  the  ciliatiuu  is  always  nui- 
fi.tTii.  The  iiiniith  (ml.  which  is  sltuateil 
nil  tlie  ventral  fl.BpCi:!  of  the  pruBtumluni, 
l<!H>la  intu  fin  nliiiieiitnr.V  canal  con^sting 
iif  pharynx,  (tt^npliuguE,  vtoinach,  and  in- 
tedtine,  all  of  whii;h  are  cilinteil ;  the  nnita 
|nii)  is  placed  (lursally  over  the  talL  A 
protrnsible  muaculur  proboacia  lies  when 
ittracteil  in  a  recess  opening  t^lose  to  the 
iiith.  There  is  a  cii-lome  whichis  croaaed 


by  B 


mis  of  con 


lid    u 


system  is  prenent,  a 

ganglion  in  the  prostoniium,  ^ 

anterior  and  two  posterinr  nerves,  or  iwo 

lateral  cords  (sunietimes  segmented   into 

n   series   of  gangUa)  all  situateil  in  the 

epidermis. 

In  one  speciea  [[J.  ijigwi  tUei«  is  an 
excretory  sj'stem  which  is  comparable  with 
that  of  the  flat- wurms,  and  contains  flame- 
cells,  the  intemtil  openings  erf  which  are 
piwidod  with  iHangiilar  ciliated  appen- 
dages ;  in  others  there  ai'e  live  purs  of 
tubular  nephridia  (»).  Tlie  sexes  are 
separate.  In  the  male  there  is  a  conical 
penis ;  the  last  pair  of  nephridia  a^t  as 
?(m"em.-vii' )  ■  I '■■"  >--"<(■       vesiciits  seminales.       In  the   ovary  two 

'''''^'  sets   of    ova  are   developeii,   larger   ones 

destine<l  to  give  rise  to  females,  and 
smaller  destined  to  form  matea.  They  paaa  into  the  cnelome  and  reach  the 
exterior  by  an  aperture  on  the  ventral  aurface  in  front  of  the  anus.  A  pmceaa 
of  nneijunl  segmentation  is  followed  by  the  formnlion  of  an  epiliolic  gsstnik. 
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The  varimu  apeciea  of  Dinopbilus  are  marine,  with  the  eioeptioo  of  one  which 
is  mn  inhabitoiit  of  bnickish  water.  Id  cvrcsin  of  its  charaoters — the  teuilency 
to  a  BegmeDtAtioD  of  the  boily,  and  llie  disposition  of  nephridia  in  p«ira  corre- 
■pondiiig  to  the  imperfectly  separated  segments — Dinophilu"  appn>xiiuate« 
towards  »  phylum  ttiat  has  yet  to  be  dealt  with— the  AnnuUta— and  is  some- 
times lookeil  upon  as  a  member  of  the  class  Arehi-AiiHrlitla  of  that  phylum. 


Ill){hly  niHgii  [£>.-■  I.    (Afl< 


—Cliaitanatiia  maxlntua,  •■ 


Class    III. — O.ASTHOTUICH.X. 

The  Ga^rotricha  (Figs.  J.>3  and  'i.'>4tart>  ;i  Kitiiill  ^;nnip  c.f  iiiintile  fre«h-«atei 
aimala,  which  are  apparently  Bllie<l.  though  ci-rtninlv  riol  mtv  ohwelv,  to  thi 
■oti/em.  an.l  are  on  tlial  aoti.mt  plaoe<l  in  the  pre.ienl  phyluin.     Tlil-  l«.ly  ii 
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spindle-shaped  with  flattened  ventral  surface.  The  ventral  surface  bears  two 
longitudinal  bands  of  cilia  ;  the  dorsal  is  non-ciliated,  but  bears  a  number  of 
longitudinal  rows  of  slender  pointed  cuticular  processes.  The  aboral  end  is 
narrow  and  bifurcated.  The  mouth,  situated  at  the  anterior  end,  is  provided 
with  a  circlet  of  hooked  setae  ;  it  leads  into  a  muscular  pharynx  ;  the  intestine 
is  straight,  and  terminates  in  an  anal  aperture  situated  near  the  aboral  end. 
The  nephridia  are  a  pair  of  unbranched  coiled  tubes.  There  is  a  cerebral 
ganglion  at  the  anterior  end,  giving  off  a  pair  of  ventral  longitudinal  nerves  ;  a 
number  of  sensory  cilia  occur  at  the  anterior  extremity. 


SECTION  VIII 

PHYLUM  MOLLUSCOIDA 

The  Phylum  Molluscoida  comprises  the  three  classes  of  the 
Polyzoit  (including,  provisionally,  tne  UiufojtrocfaX  the  Brachiopot^ay 
and  the  Phoronida.  The  members  of  these  three  clavSses  are 
tolerably  widely  divergent,  so  that  it  is  somewhat  difficult  to 
frame  a  general  account  of  the  entire  ])hylum :  but  the  following 
are  the  most  important  common  features : — 

There  is,  except  in  the  Endoprocta,  a  true  body-cjivity,  lined  in 
most  cases  with  a  coelomic  epithelium,  within  which  the  alimen- 
tarj-  canal  is  suspended  by  means  of  mesenteries  or  by  means  of 
funicular  strands  taking  their  place.  The  dorsiil  region  of  the 
body  is  abbreviated,  being  represented  only  by  a  short  space 
between  the  mouth  and  anus,  which  are  closely  approximated. 
There  is  a  lophophore  or  tentacle-bearing  ridge,  usually  of  a  horse- 
shoe shape,  containing  a  special  couipai-tment  of  the  coilome,  and 
overhanging  the  mouth  on  its  anal  side  there  is  in  most  cases  a 
sensitive  process — the  cpistome — also  containing  a  sjx»cial  com- 
jmrtment  of  the  body-cavity.  The  central  jKirt  of  the  nervous 
system  consists  of  a  single  ganglion  (supm-oesophageal),  or  of  two 
ganglia  (supm-cesophageal  and  infra-cesophageal),  or  of  a  nerve- 
ring.  The  nephridia  when  present  are  in  nearly  all  cases  a  single 
pair  of  ciliated  tubes,  which  act  also  as  gouiKlucts.  ^^     •  j 


CLASS  I.— POLYZOA. 

The  Polvzoa  form  colonies  known,  as  '•  Sea-mats,"  or  '*  Coral- 
lines,"  which  in  many  cases  bear  a  close  general  resemblance  to 
Hydroid  Zoophytes,  and  are  only  on  a  more  minute  inspection 
found  to  differ  totally  from  the  latter,  and  to  exhibit  a  very  much 
higher  tjiie  of  structure. 


314  ZOOLOGY  sect. 


1.  Example  of  the  Class. — Bugula  avicularia. 

Bnfjula  aviciclaria,  the  common  Bird's- Head  Coralline  (Fig.  255), 
occurs  in  brown  or  purple  bushy  tufts,  two  or  three  inches  long,  on 
rocks,  piles  of  jetties,  «and  similar  situations  on  the  sea-shore  in  all 
parts  of  the  world.  On  a  naked-eye  examination  it  presents  a  con- 
siderable resemblance  to  a  Hydroid  Zoophyte,  and  might  readily 
be  taken  for  a  member  of  that  group.  It  consists  of  dichotomously 
branching  naiTOw  stems,  which  are  rooted  by  a  number  of  slender 
root-filaments.  Each  stem  is  found,  when  examined  with  a  lens,  to 
be  made  up  of  a  number  of  elements,  the  zocecia  of  the  colony, 
which  are  closely  united  together  and  arranged  in  four  longitudinal 
rows.  The  zooecia  are  approximately  cylindrical  in  shape,  but 
broader  distally  than  proximally,  four  or  five  times  as  long  as 
broad,  with,  near  the  distal  end,  a  wide  crescentic  aperture — the 
"  mouth  "  of  the  zocecium — on  either  side  of  w- hich  is  a  short  blunt 
spine.  A  rounded  structure — the  aecium — in  many  parts  of  the 
colony  lies  in  front  of  each  zooecium.  (Fig.  255,  aec.)  On  each 
zooecium,  except  a  few  at  the  extremities  of  the  branches,  is  a 
remarkable  appendage,  the  aviculariwm  {civic),  having  very^  much 
the  appearance  of  a  bird  s  head  supported  on  a  very  short  stalk  ; 
if  the  Bugula  is  examined  under  the  micro.scope  in  the  living 
condition,  the  avicularia  will  be  found  to  be  in  almost  constant 
movement,  turning  from  side  to  side,  and  a  movable  part,  repre- 
senting the  lower  jaw  of  the  bird's  head,  will  often  be  seen  to  be 
moved  in  such  a  way  that  the  mouth  of  the  avicularium  becomes 
opened  very  widely  and  then  becomes  closed  up  with  a  quick 
" snap."  All  the  parts  hitherto  mentioned  can  be  shown  by  using 
appropriate  tests,  to  be  composed  of  some  material  akin  to  chitin 
m  composition.  The  chitinous  wall  of  the  zocecia  is  the  hardened 
and  thickened  cuticle  of  the  zooids,  having  beneath  it  the  soft  body 
wall.^  The  anterior  region  of  the  body  of  the  zooid  forms  an 
introvert,  i.e.  is  capable  of  being  involuted  like  the  finger  of  a 
glove  within  the  more  posterior  part :  the  cuticle  covering  this,  con- 
tinuous behind  with  the  thick  ectocyst,  is  quite  thin  and  flexible. 
When  the  introvert  is  everted  it  is  seen  to  bear  at  its  anterior  end  a 
circlet  of  usually  fourteen  long,  slender  filiform  tentacles  {tent)  on  a 
circular  ridge  or  lophophorc  surrounding  the  mouth  of  the  zooid.  The 
tentacles  are  densely  ciliated  except  along  their  outer  suri'aces :  the 
cilia  vibra,te  actively  in  such  a  way  as  to  drive  currents  of  water, 
and  with  them  food-particles,  towards  the  mouth  {mo).  They  are 
also  capable  of  being  bent  in  various  directions.  In  the  interior  of 
each  is  a  narrow  prolongation  of  the  ecelome.  In  all  probability, 
besides  bringing  minute  particles  of  food  to  the  mouth  of  the  zooid 

^  The  terms  ectoct/ftt  and  endocyM  are  commonly  applied  respectively  to  the 
hardened  cuticle  of  the  zooid  and  its  soft  body  wall. 
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by  the  action  of  their  cilia,  the  tentacles  ai-e  prehensile  as  well  as 
tactile,  and  also  act  as  organs  of  respiration.  When  retracted  they 
become  enclosed  by  the  walls  of  the  introvert  as  by  a  sheath — 


the  ientaclc-sJuafii.  A  pair  of  banils  of  nuiseiilar  film's — the^wmic- 
vaginal  muscles  (»e(.y— passing  to  the  introvert  from  the  body-woll, 
serve  to  retract  the  introvert  and  ttntjveks. 
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The  body- wall  consists,  in  addition  to  the  cuticle,  of  an  epidermis 
composed  of  a  single  layer  of  large  flattened  cells,  two  muscular 
layers,  the  outer  circular  and  the  inner  longitudinal,  and  a  layer  of 
an  irregular  cellular  tissue,  or  parenchyma. 

The  coelome  is  extensive ;  it  is  lined  externally  by  the  parietal 
layer  of  parenchyma  forming  the  innermost  layer  of  the  body- wall, 
and  internally  by  a  visceral  layer  of  the  same  tissue  ensheathing 
the  alimentary  canal.  Across  the  cavity  between  the  parietal  and 
visceral  layers  of  the  parenchyma  pass  numerous  strands  of  spindle- 
shaped  cells.  A  large  double  strand  {funic)  passes  from  the 
proximal  or  aboral  end  of  the  alimentary  canal  to  the  aboral 
wall  of  the  zooecium ;  this  is  the  funiculus.  The  coelomic  fluid 
contains  a  number  of  colourless  corpuscles  or  leucocytes. 

Alimentary  Canal. — The  mouth  {mo)  leads  into  a  wide  chamber 
— the phai'ynx  {ph) — just  behind  the  bases  of  the  tentacles;  from 
this  a  somewhat  narrower  short  tube,  separated  by  a  constriction 
from  the  pharynx,  leads  to  the  stomach  {stoni)  from  which  it  is 
also  separated  by  a  constriction.  The  stomach  gives  off"  a  long 
conical  prolongation  or  ccecfitm  passing  towards  the  aboral  end  of 
the  zooecium,  to  which  it  is  attached  by  the  funiculus.  The 
intedine  (int)  comes  off"  from  the  oral  aspect  of  the  stomach,  not 
{blt  from  the  oesophagus,  with  which  it  lies  nearly  parallel :  it  ter- 
minates in  a  rounded  anal  aperture  {an)  capable  of  being  dis- 
tended to  a  considerable  size,  situated  not  far  from  the  mouth, 
but  outside  the  lophophore.  The  entire  alimentary  canal  is  lined 
by  an  epithelium,  which  is  ciliated  throughout  except  in  a  portion 
of  the  stomach :  the  cells  of  the  epithelium,  which  are  arranged 
in  a  single  layer,  vary  in  length  in  diflferent  regions,  being  longest 
in  the  phar}Tix,  which  is  comparatively  thick-walled.  A  pair  of 
slender  muscles  (gast)  passing  from  the  body-wall  to  the  stomach 
act  as  retractors  of  the  alimentar}^  canal  when  the  introvert  is 
drawn  back. 

There  are  no  blood-vessels. 

A  nenroue  esnitem  has  not  been  traced  in  Bugula  avicularia : 
but  in  many  other  Polyzoa  a  small  rounded  ganglion  is  distinguish- 
able between  the  mouth  and  the  anus,  giving  ofl*  nerves  to  the 
various  parts ;  organs  of  special  sense  are  absent.  Definite  ex- 
cretory organe  do  not  occur  in  Bugula,  the  function  of  excretion 
(i.e.  the  collection  of  the  nitrogenous  waste-matters)  being  appar- 
ently carried  on  by  the  leucocytes  and  the  cells  of  the  funicular 
tissue. 

Reproductive  Organe. — Ovary  and  testis  are  found  to  occur 
together  in  the  same  zooid.  They  are  both  formed  from  specially 
modified  cells  of  the  parenchyma,  either  of  the  funiculus  or  of 
the  body-wall.  The  testis,  developed  from  the  cells  of  the  funicular 
tissue,  gives  origin  to  spherical  masses  of  cells — the  spermatidia 
(sp) — which  develop  into  sperms  with  very  long  motile  tails.    These 
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become  free  from  one  another  and  move  about  in  the  body-cavity 
or  in  its  prolongations  into  the  tentacles.  There  is  no  spermiduct, 
and  it  is  doubtfiil  if  the  sperms  pass  to  the  exterior.  The  ovary 
(ov)  is  a  small  rounded  body  fonned  from  the  parietal  layer  of  the 
parenchyma  about  the  middle  of  the  zotecium  ;  it  consists  of  only 
a  small  number  of  cells  of  which  only  one  at  a  time  becomes  a 
mature  ovum,  certain  smaller  cells  forming  an  enclosing  follicle. 
The  mature  ovum  is  perhaps  fertilised  in  the  ccelome ;  it  passes 


into  the  interior  of  a  rounded  outgrowth  of  the  zoceciuui — the 
axcium  (oax) — lined  with  parcnchviiui,  and  fonuing  a  sort  of  brood- 
pouch  in  which  it  undergoes  its  development. 

Development. — Segmentation  (Fig.  "25(i)  is  complete  and  nearly 
regular.  A  blastula  is  formed  having  the  shape  of  a  bi-convex  lens. 
In  the  interior  of  the  blastocoele  or  cavity  tif  the  bla.stuk,  four  cells 
— the  primitive  endoderm  cells — -become  distinguishable:  these 
increase  in  number  by  division  and  form  a  mass  of  free  cells  which 
almost  completely  fill  the  blast<«(ele:  this  mass  apparently  re- 
presents both  endoderm  and  mesoderm.  Small  cavities  which 
appear  in  it  subsequently  unite  together   to  form  the  primitive 
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cojlome.  A  very  broad  ring-shaped  thickening — thu  cotmui  (G, 
EOT.) — is  formixl  round  the  equator  of  the  embryo  and  becomea 
provided  with  cilia.  A  sac-like,  afterwards  b«aker-shaped,  invagi- 
nation of  the  Bctodenn  on  what  is  destined  to  become  the  oral 
side  of  the  ciliated  ridge,  forms  a  larval  structure,  termed  the  sucker, 
(Fig.  257  Buck)  which  afterwards  serves  to  fix  the  larva.  A  second 
invagination  of  the  ectoderm  in  the  region  of  the  corona  forms 
the  ectodermal  groove.  At  the  aboral  pole  is  developed,  also  from 
the  ectoderm,  a  second  larval  structure — the  calotte  or  rctmdile  disc 
(rfwc)  on  which  motionless  sensory  cilia  appear.  A  glandular  oi^n 
is  developed  by  ingrowth  of  the  cells  lining  the  ectodermal  groove. 
An  alimentarj'  canal  is  wanting  in  the  embryo  when  it  escapes 
from   the  ocedum,  bnt  develops  at   a   later  stage.     The   sucker 


becomes  everted  by  a  strong  contraction  of  the  body,  and  fixes  the 
larva  to  some  foreign  body.  The  aboral  side  of  the  larva  becomes 
greatly  extended,  so  that  almost  the  entire  integument  of  the 
primaiy  zooid  is  developed  fi-om  this  part.  The  retractile  disc, 
ectodennal  groove,  and  glandular  organ  are  now  withdrawn  into 
the  interior.  The  corona  and  glandular  organ  disappear;  the 
retractile  disc  takes  part  in  the  development  of  the  organs  of  the 
primary  zooid.  A  sac,  the  wall  of  which  is  composed  of  two  layers, 
now  becomes  formed,  and  gives  rise  to  the  organs  of  the  adult 
zooid :  the  inner  layer  of  this  sac  is  formed  by  invagination  from 
the  retractile  disc,  while  the  outer  layer  appears  to  be  formed  from 
the  central  mass  of  tissue,  the  remainder  of  which  partly  goes 
to  form  the  parenchyma  of  the  arlult,  but  partly  contributes  to 
the   formation  of  a  roundetl  gi-;inular  mass — the  Itrrnmi  body — in 
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which  the  organs  of  the  larva  become  merged.  The  outer  layer  of 
the  sac  is  in  continuity  with  the  mesoderm  layer  of  the  body-wall 
and  gives  rise  to  the  mesodermal  parts  of  the  zooid.  The  inner 
layer,  derived  from  the  ectoderm,  forms  the  deric  epithelium,  the 
nervous  system,  and  the  entire  enteric  epithelium.  A  diverticulum 
of  the  sac  constitutes  the  first  rudiment  of  the  stomach  and 
intestine ;  a  second  diverticulum  forms  the  rudiment  of  the 
oesophagus;  these  become  applied  to  one  another  and  fuse  to 
form  the  continuous  alimentary  canal.  The  ganglion  arises  as  an 
invagination  of  the  ectodenn  in  the  space  between  the  mouth  and 
the  anus.  The  upper  part  of  the  cavity  of  the  primitive  sac,  after 
the  rudiment  of  the  alimentary  canal  has  become  separated  oflF, 
forms  a  space  termed  the  atnum :  the  walls  of  this  become  con- 
verted into  the  tentacle  sheath,  while  on  its  base  appear  the  rudi- 
ments of  the  tentacles  and  lophophore.  During  the  development 
of  the  organs  of  the  adult  zooid  the  brown  body  becomes  closely 
applied  to  the  stomach  and  gradually  absorbed. 

The  primary  zooid  thus  formed  gives  rise  asexually  by  a  process 
of  repeated  budding  to  the  branching  structure  which  has  been 
described.  In  many  of  the  zooecia  of  a  fully -developed  colony  no 
zooid  is  found  to  be  present,  but  instead  there  is  a  dark  brown 
body  similar  to  that  which  occurs  in  the  primary  zooecium.  These 
are  zooids  that  have  undergone  degenenition  —  the  lophophore, 
tentacles,  and  alimentary  canal  having  become  absorbed.  Such 
degenerated  zooids  are  capable  of  regeneration,  the  organs  becoming 
re-developed  and  the  brown  body  re-absorbed. 


2.  Distinctive  Characters  and  Classification. 

The  Polyzoa  are  Molluscoida  which,  with  one  exception,  form 
colonies  of  zooids  connected  together  by  a  common  organic  sub- 
stance. There  is  a  lophophore  bearing  a  series  of  slender,  ciliated, 
post-oral  tentacles.  The  anterior  j)i\rt  of  the  body  fonns,  in  the 
majority,  a  short  introvert,  within  which  the  lophophore  and  the 
tentacles  are  cajmble  of  being  withdrawn.  In  some  the  pro- 
stomium  is  represented  by  a  small  lobe — the  e})istome.  The 
alimentary  canal  is  U-shaped,  and  the  anus  is  anterior,  within,  or 
just  outside  of,  the  tentiicular  circlet.  In  most  the  nervous  system 
is  represented  only  by  a  small  ganglion  between  the  mouth  and 
the  anus.  A  cuticle,  sometimes  gelatinous,  sometimes  homy, 
sometimes  calcified,  forms  a  firm  exoskeletal  layer  for  the  support 
of  the  colony.  Xephridia  (corresponding  to  the  hciid-nephridia  of 
the  Trochosphere)  occur  only  in  the  Emioprocta.  There  is  no 
vascular  system.  The  sexes  are  usually  unitt^d.  The  majority  of 
Polyzoa  occur  in  the  sea ;  a  limited  number  are  inhabitants  of 
fresh  water. 
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Sub-Cla88  I.— Eotoproota. 

Colonial  Polyzoa  with  the  anus  outside  the  lophophore,  with  a 
well-developed  introvert  and  a  spacious  coelome. 

Order  1. — Gymnol^emata. 

Almost  exclusively  marine  Ectoprocta,  with  a  circular  lopho- 
phore, and  without  an  epistome. 

Sub-order  a. — Cyclostoinata, 

Gymnolsemata  with  tubular  calcareous  zooecia  having  circular 
apertures  devoid  of  closing  apparatus. 
Including  Crista,  Idmonea,  &c. 

Suh'Order  h. — Cheilostomata. 

Gymnolremata  with  calcareous  or  chitinous  zooecia  usually  pro- 
vided with  opercula. 

Inciuding Bugula, Flnstra  ("  Sea-mat")  Membranipora,Cellepora, 
Selenaria. 

Sub-order  c, — Ctenodomata, 

Gymnolsemata  with  chitinous  or  gelatinous  zooecia  provided  with 
a  series  of  tooth-like  processes  closing  the  aperture  when  the 
tentacles  are  retracted. 

Including  Alcyonidiumy  Serialaria,  Paludicella. 

Order  2. — PHYLACXOLiEMATA. 

Fresh-water  Ectoprocta  with  horsc-shoe-shaped  lophophore  and 
with  an  epistome. 

Including  Oristatella,  Phimatellay  FredcHcdla. 

Sub-Class  II.— Endoprocta. 

Colonial  or  solitary  Polyzoa  multiplying  by  the  formation  of 
buds  which  in  Loxosoma  soon  become  separated  off,  while  in 
Pedicellina  they  remain  connected  together  by  a  creeping  stolon. 
The  anus,  as  well  as  the  mouth,  is  internal  to  the  lophophore. 
The  introvert  is  slightly  or  not  at  all  developed.  A  pair  of  ciliated 
nephridial  tubes  are  present. 

Systematic  position  of  the  Example, 

Bngula  avicularia  is  an  example  of  the  sub-order  Cheilostomata 
of  the  Gymnolaemata.  It  is  a  member  of  the  family  Bicellariidae 
which  is  characterised  by  the  erect  plant-like  colony,  with  narrow 
compressed  branches,  and   attached  by   root-like  fibres ;  by   the 
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avicularia,  when  present,  being  stalked  and  birds-head  shaped ;  and 
by  the  wide  oblique  apertures  of  the  zooecia  all  iacing  in  the  same 
direction.  Bugula  diners  from  the  other  genera  of  the  family  in 
the  arrangement  of  the  zooecia  in  double  or  multiple  rows,  in  their 
close  union,  and  in  the  avicularia,  when  present,  being  on  the  side 
on  which  the  mouth  is  situated.  The  various  species  diflFer  in  the 
exact  shape  of  the  zooecia  and  of  the  avicularia. 


3.  General  Organisation. 
Sub-Class  I. — Ectoprocta. 

The  Elctoprocta  and  the  Endoprocta  diflFer  so  considerably  from 
one  another  that  it  is  advantageous  to  deal  with  them  separately. 
The  Elctoprocta  are  all  colonial — the  colonies  being  capable,  in 
most  cases,  like  the  colonies  of  hydroid  zoophytes,  of  increasing  in 
size  to  an  apparently  indefinite  extent  by  continuous  buddmg. 
The  thickened  cuticle  which  forms  the  support  of  the  colony  is 
sometimes  gelatinous,  sometimes  chitinous,  sometimes  chitinous 
with  sand-grains  afl&xed,  sometimes  calcareous.  The  form  of  the 
colony  varies  in  diflferent  families  and  genera  in  accordance  with 
diflFerences  in  the  shape  of  the  constituent  zooecia,  and  diflFerences 
in  their  mode  of  budding  and  consequent  arrangement.  The 
zooecia  are  sometimes  tubular,  sometimes  ovoid,  sometimes  poly- 
hedral. In  some  cases  the  buds  are  so  developed  that  the  colony 
assumes  the  form  of  a  thin  flat  expansion,  which  may  be  encrusting, 
and  consist  of  a  single  layer  of  zooecia  in  close  contact  with  one 
another  or  connected  together  by  tubular  processes ;  or  may  be 
erect,  and  with  the  zooecia  either  in  one  or  two  layers :  sometimes 
the  lamellar  colony  thus  formed  may  be  fenestrated  or  divided  into 
lobes :  sometimes  it  is  twisted  into  a  spiral.  In  other  cases  the 
colony,  instead  of  being  lamellar,  has  the  form  of  an  erect,  shrub- 
like structure,  consisting  of  numerous  cylindrical,  many-sided,  or 
strap-shaped  branches  arising  from  a  common  root.  Sometimes 
there  is  a  creeping  cylindrical  stolon,  simple  or  branched,  ha\'ing 
the  zooids  arranged  along  it  in  a  single  or  double  row.  The  colony 
is  free  only  in  Cristatella  (Fig.  258,  his)  in  which  it  performs 
creeping  movements,  and  in  one  family  of  the  Cheilostomata — the 
SeUnariidcc — in  which  it  moves  along  with  the  aid  of  certain 
peculiar  appendages — the  ribracula — to  be  described  subsequently. 

The  zooecia  open  on  the  exterior  by  means  of  circular,  or  semi- 
circular, or  crescentic,  apertures,  which  in  the  Phylactolaemata  and 
the  Cyclostomata  among  the  GjTiinolnpmata  are  devoid  of  any  special 
closing  apparatus,  while  in  the  Cheilostomata  there  is  a  movable 
lid  or  operculum  closed  by  a  jmir  of  occlusor  muscles  when  the 
introvert  is  retracted,  and  in  the  Ctenodomata  there  is  a  series  of 
lobes  or  teeth  which  close  in  together  over  the  opening.     The 
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cavities  of  the  neighbouring  zocecia  are  in  some  fonns  completely 
cut  off  from  one  another  by  a  continuation  of  the  chitinous  or 
calcareous  exoskeleton ;  in  others  there  is  free  communication,  in 
others  again  there  is  communication  through  a  number  of  minute 
perforations. 

The  oral  (anterior)  part  of  the  body  of  each  zooid  is,  as  already 
described  in  the  case  of  Bugula,  covered  only  with  a  thin  and 
flexible  cuticle,  and  forms  an  introvert  capable  of  being  retracted 
into  the  interior  of  the  zocecinm.  At  the  free  end  of  the  introvert 
is  the  mouth  surrounded  by  a  lophophorc  bearing  tentacles.  The 
tentacle-a  are  alwaj-s  simple,  filiform,  and  hollow,  each  containing  a 
narrow  diverticulum  of  the  cii-lume.     They  are  beset  with  vibratile 
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cilia  by  meana  of  which  currents  are  created  subserving  alimenta- 
tion and  respiration.  They  are  also  highly  sensitive ;  and  are 
capable  of  being  bent  about  in  various  directions  by  the  contraction 
of  nmscular  fibres  in  their  walls,  so  that  they  are  capable  of  being 
used  for  prehension.  In  the  Phylactoliemata  (Fig.  258)  the 
lophophore  is  horse-shoe-shaped,  in  the  Gymnoliemata  (Fig.  256) 
circular :  in  the  former,  but  not  in  the  latter,  there  is  a  ciliated 
lobe — the  epistome  (Fig.  259  tp) — which  may  have  a  sensory  func- 
tion— overhanging  the  mouth  on  the  anal  side.  The  retraction  of 
the  introvert  is  effected  by  a  pair  of  bands  of  muscular  fibres,  the 
^rieto-vaginal  muscles,  passing  to  it  from  the  body-wall,  and 
by  a  pair  of  retractor  muscles  passing  from  the  latter  to  the  ali- 
mertar>'  canal. 
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Structure  of  body-wall, — Beneath  the  cuticle  is  an  epidenaiis, 
consisting  of  a  single  layer  of  flattened  polygonal  cells,  firmly 
united  together  by  their  edges,  so  as  to  form  a  syncytium  conipamble 
to  that  of  the  ectodenn  of  the  Porifera.  Beneath  this  there  is 
usually,  but  not  always,  a  layer  of  muscle,  which,  when  present,  is 
arranged  in  two  strata — an  external  composed  of  circular,  and  an 
internal  of  longitudinal  fibres.  There  is  an  extensive  coelonie 
lined  in  some  forms  by  a  definite  ccelomic  epithelium,  in  ]>art 
ciliated,  while  in  others  there  is  no  such  definite  epithelium,  but 


its  place  is  taken  by  ihin  parietal  and  visceral  layers  of  an 
irregular  ceUular  tissue — the  parenchyma.  The  body-cavities  of 
contiguous  zooids  are  in  some  cases  in  free  communication.  Cross- 
ing the  ccelome  are  strands,  in  some  instances  very  numerous,  of 
spindle-shaped  cells,  In  some  cases  two  mesenteric  bands  suspend 
the  alinientaiy  canal — an  anterior  attached  near  the  mouth  and 
a  posterior  passing  from  the  coecum  to  the  aboral  end  of  the 
zooBcium ;  in  most  cases  the  latter,  to  which  the  special  name 
of  /uniail IIS  is  given,  is  alono  present. 

The  alimentary  canal  has  in  nil  sjiecies  the  {larts  that  have 
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been  already  described  in  the  case  of  Bugiilfi.  In  some 
Ctenoatomata  there  is  in  addition  a  thick-walled  chamber — 
the  giszard — with  chitinous  teeth,  between  the  cesophagus  and 
stomach. 

The  nervous  system  consists  of  a  sinj^le,  soinetiraes  bilobed, 
ganglion  ( i-'i;;,  i'l)^.  'i"ii;/,  and  Fig.  259,  ga)  placed  between  the 
month  and  tin.'  ^iiinl  :i|ierture,  and  nerves  passing  from  it  to  the 
vai-ioiis  parts.  Tiion.'  are  never  any  organs  of  special  seiKe,  unless 
the  epistome  of  the  Phylactolsemata  be  of  that  nature, 

Nephiidia  are  not  known   with  certainty  to  exist  in  any  of 
the  Ectoprocta.     In  some  there  is  a  pore  through  which  water 
enters  the  body-cavity :  or  a  ciliated  interteivlaciUar  tube  opening 
at  the  base  of  the  tentacles.     In  Cristatella  there  is  a  pair  of 
ciliated  canals  with  funnel- 
like  internal  apertures  and 
opening  on  the  exterior  by  a 
common  bladder-like  excre- 
tory duct,  and  similar  ciliated 
tubes  occur  in  other  Phylac- 
toliemata. 

Excretion  appears  to  be 
perlorraed  by  certain  cells 
of  the  funicular  tissue  and  of 
the  parenchjTua  or  ccelomic 
epithelium.  These  become 
loaded  with  the  products  of 
excretion,  and  become  free 
as  leucocytes  in  the  ccelome, 
whence  they  probably  pass 
out  through  the  interten- 
tacular  tubes  or  ciliated 
canals. 

In  many  Ectoprocta  the 
colony  bears  a  series  of  re- 
markable appendages  —  the 
avlcularia — which  are  of  the  nature  of  modified  zooids.  In 
tj-pical  cases  the  aviculariuni  has  the  birds-head -like  foi-m  that 
has  been  already  described  in  the  case  of  Bugula;  sometimes  it 
is  completely  sessile.  A  second  set  of  movable  appendages  found 
in  some  forms  are  the  vlbracnla ;  these  are  long  tapenng  whip- 
like appendages  which  execute  to-and-fro  movements.  The  avicu- 
laria  are  frequently  found  to  have  seized  in  their  jaws  minute 
Worms  or  Crustaceans,  and  it  is  probable  that  their  function,  as 
well  as  that  of  the  vibracula,  is  defensive :  in  the  case  of  the 
iSir/<7iartM?«!,  which  form  unattached  colonies,  the  movements  of  the 
>-ibracula  subsen-e  locomotion. 

Thi.'  impregnated  ova  in  many  cases  undergo  the  early  stages  of 
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their  development  in  certain  dilatations  of  the  colony  (Fig.  255, 
otKc.),  and  in  many  of  the  Gymnoljemata  (Cheilostomata)  these 
ovicells  or  ocecia,  as  they  are  termed,  take  on  a  very  definite 
shape. 

Reproduction  and  Development. — As  a  general  rule  the 
Ectoprocta  are  hermaphrodite.  Both  ovary  and  testis  are  derived 
from  the  layer  lining  the  ccelome  (parenchjTna  or  coelomic 
epithelium  as  the  case  may  be),  or  from  the  funicular  tissue.  The 
testis  may  be  single  or  double.  In  some  cases  there  is  a  sperm i- 
duct  continuous  with  each ;  in  most  this  is  absent,  and  the 
spermatidia,  as  in  Bugula,  or  the  mature  sperms,  become  free  in 
the  ccBlome.  The  ovary  is  verj'  generally  situated  towards  the 
oral  end  or  about  the  middle,  the  testis  towards  the  base.  The 
mature  ova  escape  into  the  coelome,  and  in  some  forms  become 
impregnated  there  apparently  by  the  spermatozoa  of  the  same 
inoividual.  The  development  of  the  lar\'a  may  take  place  in  the 
coelome  or  a  special  diverticulum  of  it ;  in  the  Cheilostomata  the 
fertilised  ova  pass  into  the  ovicells ;  in  some  cases,  both  among 
the  Phylactolaemata  and  the  G\Tnnoloemata,  they  are  received  into 
a  sheath  formed  by  the  tentacles  of  an  imperfectly-developed 
zooid  forme<l  in  a  zooecium  in  which  the  original  zooid  had 
undergone  degeneration. 

In  those  cases  in  which  the  early  stages  of  the  development  are 
passed  through  in  the  body-cavity  of  the  jmrent,  the  ciliated 
embrj'os  may  either  escape  through  the  zocecial  aperture  after  the 
zooid  has  undergone  degeneration,  or  through  a  special  opening  at 
the  base  of  the  tentacles.  In  some  the  fertilised  ova  pass  out 
through  the  intertentacular  tube.  In  Crisia  and  other  Cyclo- 
stomata  each  of  the  ripe  ooecia  is  found  to  contain  a  large  number 
of  embrj'os,  developed  from  one  ovum.  The  ovum  in  this  genus 
segments  to  form  a  mass  of  cells  from  which  finger-like  processes 
are  given  off,  the  end  of  each  of  these  becoming  constricted  off  to 
form  an  embryo. 

Segmentation  is  total  and  approximately  ecjual.  The  form  of  the 
free-swimming  larva  varies  considembly,  but  in  most  there  is  a 
circular  band  with  very  long  cilia,  the  corona,  which  may  represent 
the  tentacular  crown  of  the  adult ;  this  divides  the  surface  into 
two  regions — oral  and  aboral — the  mouth  as  a  rule  opening  on 
the  fonner,  and  the  anus  on  the  latter.  The  aboral  portion  of  the 
body  presents  a  ciliated  rdradile  disc  or  calotte ;  on  the  oral  side  is 
the  sucker  by  which  the  larva  afterwanls  becomes  fixed.  In  the 
Cyclostomata  the  lar\'a  is  barrel-shaped,  with  the  mouth  at  one 
end,  and  at  the  other  a  prominence  corn'sj^onding  to  the  retractile 
disc.  In  the  Phylactoliemata  the  larva  is  in  the  form  of  a  ciliated 
hollow  cyst  from  which  the  colony  is  forme<l  by  gemmation.  A 
special  form  of  asexual  multiplication  by  means  of  b<Klies  tenncMl 
daicblasts  (Fig.  258,  statit)  is  observable  in  the  Phylactohemata. 
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The  statubliists  are  internal  buds  formed  from  the  funiculus  and 
enclosed  in  a  cliitinous  shell ;  they  are  set  free  eventually  by 
the  death  and  decay  of  the  parent  colony,  and  in  spring  each 
gives  rise  to  a  small  zooid  which  fixes  itself  and  develops  into 
a  colony. 

Ethology  and  Distribution. — None  of  the  Ectoprocta  are 
parasites  in  the  strict  sonse  of  the  term,  but  very  many  of  them 
live  in  intimate  association  with  other  oi^;anJsms,  often  growing 
over  and  through  them  so  as  to  form  with  them  one  complex 
structure.  Certain  genera  are  able  by  some  means  to  excavate 
minute  burrows  in  the  shells  of  bivalves. 

The  majority  of  Ectoprocta  are  marine ;  but  all  the  Phylacto- 
l^mata,  together  with  Paludicella  of  the  Ctenostomata,  are  in- 
habitants of  fresh  water.  The  fresh-water  forms  inhabit  both 
running  and  stagnant  waters;  they  occur  at  all  elevations  and 
are  represented  in  all  the  great  regions  of  the  earth's  surface. 
The  marine  forms  are  most  abundant  at  moderate  depths ; 
but  representatives  of  the  group  have  been  dredged  from  as 
great  a  depth  as  over  3,000  fathoms.  In  cei-tain  localities  the 
larger  kinds  grow  in  groat  luxuriance,  so  as  to  form  miniature 
forests. 

Geologically  the  Ectoprocta  are  a  very  ancient  group,  being 
represented  in  the  Cambrian  and  later  Paleozoic  formations  by 
forms  which  appear  to  have  belonged  mainly,  if  not  exclusively,  to 
the  Cyclostomata.  In  the  later  fonuations  of  the  Mesozoic  period 
the  Cheilostomata  are  also  abundantly  represented,  and  in  the 
Tertiary  the  latter  sub-order  greatly  outnumbers  the  Cyclostomata. 
The  Tertiary  Polyzoa  fiounshed  in  certain  localities  in  such 
luxuriance  that  their  remains  form  calcareous  deposits  of  very 
great  extent. 


Sab-Claai  IL— Xndoproota. 

While  the  sub-claH,s  of  the  Ectoprocta  comprises  a  large  number 
of  genera,  that  of  the  Endoprocta  includes  only  PediceUimt  (Fig.  260), 
Latoaoma,  and  UniateHa.,  with  one  or  two  other  less  completely 
kno\vn  forms.  They  are  all  marine  except  Umatella — an  Ameri- 
can fresh-water  genus.  The  feature  indicated  by  the  name 
of  the  sub-class — viz.  the  position  of  the  anus  within  the 
circlet  of  the  tentacles,  is  an  important  point  of  difference  from 
the  rest  of  the  Class ;  but  there  are  others  of  as  great  or  greater 
importance. 

In  none  of  the  Endoprocta  is  there  a  distinct  introvert.  The 
body  is  cup-shaped,  with  a  rim  which  is  capable  of  being  inverted 
over  a  cavity — the  vestibule — within  which  the  tentacles  can  be 
withdraim,  and  which  contains  both  mouth  and  anu.s.     An  vj'Ulome 


vm  PHYLUM  MOLLUSCOIDA  387 

overhangs  the  mouth.  The  ccelome  is  almost  or  quite  obliterated, 
the  space  between  the  alimentary  canal  and  the  wall  of  the  body 
bein^  filled,  more  or  less  completely,  with  a  gelatinous  hyaline 
matnx.  A  pair  of  nephridia  are  present.  In  Loxosoma  they  lie 
one  on  each  side  of  the  oesophagus  and  open  separately  on  the 
exterior;  they  are  ciliated  intra-cellular  tubes,  each  of  which 
probably  begins  in  a  flame  cell.  In  Umatella  the,  two  nephridial 
tubes  unite  to  open  into  the  cloaca — a  diverticulum  of  the 
vestibule.  The  ganglion  (gang),  situated  between  mouth  and  anuB 
as  in  the  Ectoprocta,  is  bilobed  in  Loxosonm.  Testes  and  ovana 
occur  in  the  same  individual  in  some,  bub  appear  to  mature  at 
different  times :  they  are  provided  with  special  ducts ;  in  others 
the  sexes  are  separate. 

Pedicellina  and  Umatella  are  colonial,  Loxosoma  solitary.     In 
Pedicellina  (Fig.  260)  there  is  a  creeping  stolon  with  which  a 
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nunibi.1'  of  zooids  are  connectfd  ;  a  diaphragm  .sfparates  the  body 
of  each  zooid  from  the  stalk.  Umatella  has  a  ilisc  of  attachment 
with  one  to  six,  jointed,  branching  steins.  In  Loxosoma,  which  is 
found  attached  to  various  Anuulata.  two  parts  are  distinguishable 
— the  calyx  or  lioi/i/  and  the  sialk;  In  the  ba.sc  of  the  latter  is  the 
so-called /ooi-yffH(/.  consisting  of  a  small  nnmht-r  of  granular  cells 
arranged  around  a  central  space  oiK'ning  on  the  exterior.  Buds 
&K  fonned,  but  ln'conie  detached  before  reaching  maturity.  Seg- 
mentation of  the  ovum  is  complete,  and  a  gastmla  is  formed  by 
invagination. 
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The  Endoprocta  are  only  doubtfully  to  be  included  in  the  same 
class  with  the  Ectoprocta.  The  position  of  the  anus,  the  absence 
of  the  introvert,  and  the  presence  of  tjrpicai  nephridia  would  not  in 
themselves  be  suflBcient  to  justify  their  removal  from  the  Polyzoa, 
and  perhaps  not  even  the  obliteration  of  the  coelome.  But  should 
certain  statements,  which  have  been  published   with  regard  to 

their  development  and  metamorphosis,  be  con- 
firmed, we  should  be  driven  to  the  conclusion 
that  the  Endoprocta  are  not  directly  related 
to  the  Ectoprocta  at  all.  The  gist  of  these 
statements  is  that  the  line  joining  mouth  and 
anus  in  the  Endoprocta  is  ventral  and  not 
dorsal,  the  ganglion  infra-cesophageal,  and  the 
tentacular  circlet  prse-oral ;  and  if  this  should 
be  established  the  structures  named  cannot  be 
homologous  in  the  two  groups. 

CLASS   II.—PHOSONIDA. 

The  position  oiPhoronis — a  worm-like  marine 
animal — is  a  matter  of  uncertainty  ;  but  it  ex- 
hibits some  unmistakable  points  of  resemblance 
to  the  Polyzoa,  more  particularly  to  the  Phy- 
lactoloemata,  and  it  may  very  feirly  be  dealt 
with  as  a  third  class  of  the  Molluscoida. 

PhoTonis  (Fig.  261)  lives  in  associations  con- 
sisting of  a  number  of  individuals,  all  of  which 
are  developed  from  ova,  there  being  no  process 
of  asexual  formation  of  buds.     Each  worm  is 
enclosed  in  a  membranaceous  or  leathery  tube, 
within  which  it  is  capable  of  being  completely 
retracted.     The  body  is  cylindrical,  elongated, 
and  unsegmented.      At  one   end   there   is   a 
crown  of  numerous  slender  ciliated  tentacles 
borne  on  a  horse-shoe-shaped  lophophore,  the 
lateral  comua  of  which  are  spirally  coiled  in 
the  larger  species ;  these  are  supported  by  a 
mesodermal  skeleton   and   are    non-retractile. 
Both  mouth  and  anus  (Fig.  262,  mo,  an)  are 
situated  at  this  tentacular  extremity   of  the 
body,  separated  from  one  another  by  only  a  short  space.     A  small 
lobe — the  epistome  {ep) — overhangs  the  mouth  and  lies  between 
it  and  the  anus.     Near  the    anus  open  two  ciliated  nephridial 
tubes  (neph)  of  mesodermal  origin,  which  open  internally  into  the 
posterior  chamber  of  the  body-cavity.     The  coelome  is  lined  with 
a  peritoneum  from  which  there  proceed  three  mesenteries  (Fig.  263) 
— a  ventral  longitudinal  and  two  transverse,  the  latter  dividing 
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the  cavity  of  the  body  into  three  chambera.  The  aliinentarj- 
canal  (Fig.  263)  ia  divisible  into  oesophageal,  gastric,  and  intestinal 
There  is  a  closed 
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system  of  blood-vessels 
with  contractile  walls  con- 
taining red  blood-corpus- 
cles. The  nervous  system 
is  not  completely  separated 
from  the  epidermis.  Its 
central  part  consists  of  a 
horseshoe  -  shaped  post- 
oral  nerve-ring  at  the 
base  of  the  tentacles,  in 
front  of  which  lie  two  cili- 
ated grooves,  apparently 
organs  of  sense.  Collections 
of  nerve-fibres  and  gan- 
glion cells  lie  in  the  integument  and  are  connected  with 
nervous  processes  of  the  epidermal  cells. 

Phoronis  is  hermaphrodite.  Ova  and  siieniis  are  developed 
in  the  anterior  left  chamber  of 
the  coelome  from  cells  on  the 
wall  of  one  of  the  lame  blood 
vessels.  When  mature  these  pass 
out  through  the  nephridia  to 
the  spaces  enclosed  by  the  ten- 
tacles, where  the  ova  are  im- 
pregnated (or,  according  U  > 
another  account,  fertilisation 
takes  place  in  the  coelome)  and 
go  through  the  early  stages  of 
their  development  fixed  to  the 
tentacles.  The  segmentation  is 
complete  and  slightly  irregidar  : 
when  four  blastomeres  are  formed 
two  larger,  darker,  endodtrm, 
iind  two  smaller,  clearer,  ecto- 
derm cells  are  to  be  distin- 
guished. A  blaitula  is  formed 
with  clearer  ectixlerm  cells  on 
one  side:  invagination  takes 
place;  and,  as  the  enibrvo  elon- 
gates, the  bifustopore  is  drawn 
out  into  a  slit  which  eventually 
becomes  closi'd  up  bi'hind.  the 
anterior  portion  alone  persisting  and  giving  rise  to  the  mouth. 
The  cells  Dordering  upon  the  posterior  jwrt  of  the  blastopore  take 
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li  sbai-e  in  tho  I'omiatior  of  the  mesoderm.  Two  lateral  pouch- 
Hke  diverticula  of  the  endoderm  sac  give  rise  to  the  mesoderm ; 
in  these  a  cavity  appears — the  rudiment  of  the  ctelome.  A 
second  pair  of  sacs  of  the  same  character  becomes  developed 
further  back.  A  large  pr^-oral  lobe  is  formed,  and  the  anus 
makes  its  appearance  at  a  little  distance  behind  the  mouth  as  an 
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invagination  of  the  ectoderm 
of  cilia  (Fig.  264,  A).     The  part 


k 


it  becomes  surrounded  by  a  circlet 
_  rt  of  the  body  on  which  the  anus 
tuated  becomes  elevated  into  a  conspiciiouiD  process.  Behind 
the  mouth  there  is  a  circlet  of  cilia  and  from  this  region  grow  out 
a  circlet  of  processes — the  rudiments  of  the  larval  tentacles  (B). 
The  larva  has  now  reached  the  stage  to  which  the  term  ActitM- 
ti-ocim  is  applied.    It  has  a  large  hoodlike  lobe  overhanging  the 
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mouth,  and  a  circlet  of  ciliated  lanal   tentacles;   the   anus  is 
situated  on  a  prominent  process. 

The  ectoderm  of  the  process  on  which  the  anus  is  situated 
subsequently  becomes  involuted  to  form  a  deep  pit  (C,  iv).  The 
metamorphosis  firom  this  point  is  completed  with  great  rapidity. 
The  pit  at  the  side  of  the  anal  elevation  becomes  everted  (i>), 
and  the  alimentar}'  canal  of  the  larva  is  drawn  into  it  {£),  the  pro- 
jection thus  formed,  which  grows  out  at  right  angles  with  the  long 
axis  of  the  larva,  becoming  the  body  of  the  future  animal ;  the 
tentacles  are  drawn  into  the  stomodaeum  and  there  become  broken 
up  to  form  the  lophophore  of  the  adult :  the  hood-like  prse-oral 
lobe  is  taken  into  the  stomodaeum  and  there  digested. 


CLASS  in.— BRACHIOPODA. 

The  Brachiopoda  are  the  febricators  of  the  well-known  "  Lamp- 
shells  "  found  m  most  parts  of  the  world.  They  occur  in  the  sea 
at  various  depths,  and  were  formerly  classed  under  Mollusca,  their 
characteristic  bivalved  shell  being  compared  with  that  of  oysters, 
mussels,  &c. 

1.  Example  of  the  Cla.ss — Magellania  (  Waldheimia)  lenticularis 

or  M.  Jlavesccns, 

Magellania  lenticularis  is  found  in  great  numbers,  at  moderate 
depths,  oflF  the  coast  of  New  Zealand.  An  allied  species,  M,  Jlavescens, 
is  equally  common  in  the  Australian  seas,  and  several  other  species 
are  known  in  various  parts  of  the  world. 

The  body  is  entirely  covered  by  a  shell  (Fig.  265)  of  oval  form, 
and  pink  colour,  composed  of  two  pieces  or  valves^  one  of  which,  dis- 
tinguished as  the  ventral  valve  (v.  v\  projects  beyond  the  other 
or  dorsal  valve  (d.  v\  in  the  form  of  a  short  conical  beak  (b)  perfor- 
ated at  the  end  by  an  aperture,  the  foramen  (b),  through  which 
passes  a  dark  brown  stalk  or  peduncle  (Fig.  266,  B,pd)  of  homy 
consistency.  In  the  natural  state  the  peduncle  is  attached  to  a 
rock  or  other  support,  and  the  animal  lies  with  the  ventral  vfilve 
uppermost  and  A\ith  the  valves  gaping  slightly.  The  pointed  or 
peduncular  end  of  the  shell  is  considered  to  be  posterior  in  posi- 
tion, the  opposite  end  or  gape  anterior. 

It  >vill  be  convenient  to  consider  the  shell  first.  Both  valves  are 
deeply  concavo-convex,  of  a  pinkish  colour  outside,  white  within. 
The  ventral  valve  (Fig.  265),  as  already  stated,  is  produced  poste- 
riorly into  a  beak  (6),  terminating  in  a  foramen  (/)  for  the  peduncle. 
The  distal  margin  of  the  foramen  is  loft  incomplete  by  the  shell 

firoper,  but  is   closed  by  a  small  double  plate,  the  deltidium  (d). 
mmediately  anterior  to  the  beak  is  the  curved  hinge-line  along 
which  the  valve  articulates  with  its  fellow,  and  just  anterior  to 
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the  hinge-liiie  the  innur  surfece  of  the  shell  is  protiuccti  into  a  pair 
of  massive,  irregular  kinge-tedh  {t).  On  the  inner  surface  of  the 
valve,  towards  its  posterior  end,  are  certain  shallow  depressions 
marking  the  attachment  of  niuacleB  {ad.  m,  d.  m). 

The  dorsal  valve  (D)  has  no  beak,  but  ite  posterior  edge  forms 
a  hinge -line  which  is  produced  in  the  middle  into  a  strong  cwnftw^ 


process  (c.  p)  with  a  curiously  folded  surface :  when  the  two  valves 
are  in  position  this  process  fits  between  the  hinge-teeth  of  the 
ventral  valve,  the  hinge-teetb  in  their  turn  being  received  into  de- 
pressions (s)  placed  on  each  side  of  the  cardinal  process.  The  inner 
Bur&ce  of  the  dorsal  valve  is  produced  into  a  median  ridge  or 
septum  (sp),  continuous  posteriorly  with  the  cardinal  process,  and 
attached  on  either  side  of  the  base  of  the  latter  are  the  two  ends 
of  a  delicate  calcareous  ribbon,  the  skelh/  loop  (n.  I),  whi<;h  projects 
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freely  into  the  cavity  enclosed  between  the  two  valves,  and  has  the 
form  of  a  simple  loop  bent  upon  itself.  The  inside  of  the  dorsal 
valve  also  has  muscular  impressions. 

Externally  both  valves  present  a  series  of  concentric  markings 
parallel  with  the  edge  or  gape :  these  are  lines  of  growth,  the 
shell  being  built  up  by  new  lajrers  being  deposited  within  those 
previously  formed,  and  projecting  beyond  them  so  as  to  form  a 
series  of  outcrops. 

Microscopically  the  shell  consists  of  prismatic  rods  or  spicules 
of  carbonate  of  lime,  placed  obliquely  bo  the  surface,  and  separated 
from  one  another  by  a  thin  layer  of  membrane.  It  is  also  tra- 
versed, perpendicularly  to  the  surface,  by  delicate  tubules  which 
begin  on  the  inner  surface  in  microscopic  apertures,  and  extend 
to  \^'ithin  a  short  distance  of  the  outer  surface. 

The  actual  body  of  the  animal  (Fig.  266,  B)  lies  at  the  posterior 
end  of  the  shell,  occupying  not  more  than  a  third  of  the  space 
enclosed  between  the  two  valves :  it  is  consequently  more  or  less 
wedge-shaped  in  form,  and  presents  dorsal  and  ventral  surfaces  in 
contact  ^vith  the  two  valves,  and  an  anterior  surface  looking 
towards  the  gape.  The  dorsal  is  of  greater  extent  than  the 
ventral  surface,  so  that  the  anterior  surface  is  placed  obliquely. 

The  dorsal  and  ventral  regions  are  continued  each  into  a  flat 
reduplication  of  the  body-wall,  closely  applied  to  the  correspond- 
ing valve  and  containing  a  prolongation  of  the  coelome.  The  two 
flaps  thus  formed  are  the  dorsal  {d.  m)  and  ventral  (v.  m)  maTUle- 
lobes.  They  are  fringed  with  minute  setae  (s)  lodged  in  muscular 
sacs,  like  those  of  Chaetopods  (vide  infra),  and  give  off  fix)m  their 
outer  surfaces  hollow  processes  which  extend  into  the  tubules  of 
the  shell  mentioned  above. 

The  large  wedge-shaped  space  or  mantle-cavity,  bounded  by  the 
mantle-lobes  above  and  below,  and  behind  by  the  anterior  surface 
of  the  body,  is  occupied  by  a  huge  and  complex  l&phophore  (Figs. 
246  and  247,  lph\  which  springs  from  the  anterior  surface  of  the 
body,  and,  like  that  of  the  fresh-water  Polyzoa  and  of  Phoronis, 
has  the  general  foim  of  a  horse-shoe.  It  is,  however,  peculiarly 
modified :  the  two  limbs  of  the  horse-shoe  curve  towards  one 
another  so  as  to  adapt  themselves  to  the  mantle-cavity,  and  the 
middle  of  the  concave  edge,  which  is  dorsal  in  position,  is  pro- 
duced into  a  spirally  coiled  offshoot  {Iph')  which  lies  between  the 
two  arms,  and  is  coiled  towards  the  dorsal  side.  The  lophophore 
is  hollow,  containing  a  spacious  cavity  or  sinus :  its  two  main  arms 
also  receive  prolongations  of  the  coelome  into  which  the  digestive 
glands  project :  it  is  fringed  throughout  its  whole  extent  with 
long  ciliated  tentacles  which  form  the  outer  boundary  of  a  ciliated 
food-groove,  bounded  on  the  inner  side  by  a  wavy  ridge  or  lip 
{Ip,  Ip).  By  the  action  of  the  cilia  microscoj)ic  particles  are  swept 
along  the  food-groove  to  the  mouth. 


Dlgestlye  Organs. — -The  rnoulk  (mth)  is  a  narrow  croscentic 
aperture  situatetl  in   the  middle  of  the  lophophore,  towards  its 


Ro.  »e.— A.    Bodjot 
pru|HjrtloTud  sin  Ih 
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convex  or  ventral  edge,  and  is  bounded  dorsally  by  the  lip.     It 
leads  into  a  V-shape<l  enteric  canal  which  consists  of  a  gullet. 
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passing  upwards  from  the  mouth,  an  expanded  atornach,  (si)  and  a 

straight  ifUeatine  {int.)  which  extends  from  the  stomach  downwards 

and   backwards   towards  the  ventral  surface  and   ends   blindly, 

there  being  no  anus.     On 

each   side   of  the  stomach 

and  opening  into  it  by  a 

duct,  IS  a  large,  branched 

digestive  yland  (d.  gl).     The 

whole  canal    is   lined  with 

ciliated  epithelium. 

The  body-wall  consists 
externally  of  an  epidermis 
formed  of  a  single  layer  of 
cells,  then  of  a  layer  of 
connective  tissue,  of  a  car- 
tilaginouH  consistency  in 
many  parts,  and  finally  of  a 
ciliated  cceloDiic  epithelium 
lining  the  body-cavity.  On 
the  outer  surfaces  of  the 
mantle-lobes. where  they  are 
in  contnnt  with  the  -ihell.  the 
epidermis  is  re|iliii-.  i|  by  a  thin  membrane  showing  no  cell  stnictnre. 

Tho  muscular  syBtem  (Fig.  2(!8)  is  well  developed.  Two  large 
addvcinr  iiii'^irh's  {ml.  m)  arise  on  each  side  from  the  dorsal  valve 


L.  2i'>7.— HkceUuilai  aavaaceaa,  tbe  vcntia 

uf  liiphupfiufe ;  (p*.i  tin  cuiloi  jiiwmb  h*ving 
Ui<  tsntiulu  niDOTSil  on  Urn  riiibt  Mv:  •.M. 
DKxiUi.    (Alhir  DiiTldaiiii.) 
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and,  passing  downwards,  unite  with  one  another  so  as  to  have  & 
single  insertion  on  the  ventral  valve :  their  action  is  to  approxi- 
mate the  valves  and  so  to  close  the  shell.     A  large  and  a  small 
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pBir  ol'  i/ivanattors  {d.  m,  d.  m')  arise  from  the  ventral  valvna,  and 
are  inserted  into  the  caniinal  process,  which  they  depress :  as  this 
process  is  situated  posteriorly  to  the  hinge-line,  its  depression 
raises  the  rest  of  the  dorsal  valve,  and  so  opens  the  shell.  Two 
pairs  of  inuscle-s  arising,  one  from  the  ventral,  the  other  from  the 
dorsal  vatve,  and  inserted  into  the  peduncle,  are  called  adjintors 
{aj.in):  the  peduncle  being  fixed,  they  serve  to  alter  or  adjust 
the  position  of  the  aninml  as  a  whole  by  turning  it  in  various 
directions. 

The  calome  is  a  spacious  cavity  more  or  less  encroached  upon 
by  the  muscles  and  other  organs,  and  traversed  by  sheets  and 


bands  of  membrane  which  connect  the  enteric  canal  with  the 
body-wall,  and  thus  act  as  mesenteries.  The  ctplomc  is  continued 
into  each  of  the  mantle-lobes  in  the  fonn  of  four  canals  or  pallial 
sinuses  (Fig.  2(i(i,  pi.  s),  the  two  outer  of  which  are  extensively 
branched. 

Blood  System. — Attached  to  the  posterior  region  of  the 
stomach  is  a  small,  almost  globular  sac  (A),  which  has  been  proved 
to  be  contractile,  and  is  to  be  considered  as  a  heari.  Vessels  have 
been  traced  from  it  to  various  parts  of  the  body,  but  the  relations 
of  the  whole  circulatorj-  system  and  the  course  of  the  circulation 
are  very  imperfectly  known. 
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The  esEcretory  organs  consist  of  a  pair  of  very  large  nephridia 
(nph)  Ipng  one  on  each  side  of  the  intestine.  E^h  is  funnel- 
shaped,  ha\'ing  a  wide  inner  opening  or  nephrosUmu,  with  plaited 
walls,  opening  into  the  coelome,  and  a  narrow  curved  outer  portion 
which  opens  into  the  mantle-cavity  not  fer  firom  the  moutn.  As 
in  many  cases  which  have  already  come  under  our  notice  the 
nephridia  act  also  as  gonoducts. 

The  nenroiu  syBtein  is  a  ring  (Fig.  269)  round  the  gullet  pre- 
senting supra-  (g)  and  infra-  (i^^)  oesophageal  swellings  or  ganglia 
of  which  tne  inAu-cesophageal  is  the  larger.  Xerves  are  given  oflF 
to  the  mantle,  lophophore,  etc.  No  special  sense-organs  are 
known. 

Reproductive  Organs. — The  sexes  are  separate.  There  are 
two  pairs  of  gonads  (Fig.  266,  gon),  one  dorsal,  one  ventral,  in 
the  form  of  irregular  organs  sending  of!*  branches  into  the  pallial 
sinuses. 

2.  Distinctive  Characters  and  Classification. 

Tht'  Brachiopoda  are  Molluscoida  in  which  the  body  is  enclosed 
is  a  shell  formed  of  two  parts  or  valves  which  are  respectively 
dorsal  and  ventral  in  position.  The  body  occupies  only  a  small 
portion  of  the  space  enclosed  by  the  shell,  and  is  usually  attached 
to  foreign  objects  by  a  posteriorly  placed  stalk  or  peduncle :  it 
gives  off  dorsal  and  ventral  reduplications,  the  mantle-lobes,  which 
line  the  valves  of  the  shell  and  enclose  a  large  mantle-cavity. 
From  the  anterior  surCewie  of  the  body  is  given  off  a  lophophore 
which  surrounds  the  mouth,  and  is  beset  with  ciliated  tentacles. 
There  is  a  ridge-like  prae-oral  lip  which  is  continued  on  to  the 
lophophore.  The  enteric  canal  is  usually  V-shaped,  and  is 
divisible  into  gullet,  stomach,  and  intestine :  there  is  a  pair 
of  digestive  glands.  The  ccelome  is  spacious,  and  is  continued 
into  the  mantle-lobes.  A  heart  is  usually  present,  attached  to 
the  stomach.  The  excreton-  organs  are  one  or  two  pairs  of 
nephridia  which  act  also  as  gonoducts.  The  nenous  s}'stem  is  a 
ganglionated  circum-oesophageal  ring :  sense-organs  are  usually 
absent  in  the  adult.  The  sexes  are  separate  or  united.  Develop- 
ment is  accompanied  by  a  metamorphosis. 

The  class  is  divided  into  two  orders : — 

Order   1. — Inarticulata. 

Brachiopoda  in  which  the  shell  is  not  compose<l  of  oblique 
prisms :  the  valves  are  not  united  by  a  hinge,  and  there  is  no 
shelly  loop  for  the  support  of  the  lophophore.  An  anus  is 
present. 

Including  Lingula,  Cranio,  Discina,  etc. 
VOI^  I  z 


Order  2. — Articdlata. 

Brachiopoda  in  which  the  shell  is  formed  of  oblique  prisms  of 
calcium  carbonate  :  the  two  valves  imite  by  a  definite  hinge,  and 
there  is  usually  a  shelly  loop,  for  the  support  of  the  luphophore, 
developed  in  connection  with  the  dorsal  valve.  The  intestine  ends 
blindly. 

Including     MagtUaniu,     Terebratula,     Rhynchonella,     Cuiella 
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,'<t/sfemntic  position  of  the  Example. 

The  genus  Magellania,  of  which  there  are  seveml  species, 
belongs  to  the  family  Terebratulidie,  and  to  the  order  Articulata. 

The  dissimilar  valves  of  the  shell  articulated  by  teeth  and 
sockets,  and  the  absence  of  an  anus,  place  it  among  the  Articulata. 
The  Terebratulida!  are  distinguished  by  an  oval  or  rounded  shell, 
the  structure  of  which  is  punctate,  the  dots  corresponding  with 
blind  tubes  receiving  processes  of  the  mantle ;  the  beak  of  the 
ventral  valve  is  pronimcnt,  and  has  a  foramen  partly  boundeil  by  a 
deltidium  of  one  or  two  pieces :  there  is  a  shelly  loop  springing 
from  the  hinge-line  of  the  dorsal  valve.  The  genus  Magellania  is 
chamcterised  by  having  the  shelly  loop  fully  half  as  long  as  the 
shell  itself,  and  by  the  presence  of  a  median  septum  on  the  inner 
face  of  the  dorsal  valve. 

The  specific  differences  between  M.  lenticularis  and  M.  flavescens 
are  largely  matters  of  detail,  depending  upon  the  precise  form  of 
the  shell  and  loop.  More  obvious  differences  are  the  pink,  evenly- 
rounded,  short-beaked  shell  of  M.  lenticularis,  that  of  M.  Haves- 
cens  being  honi -coloured,  almost  pentagonal,  and  with  a  pro- 
minent beak. 

3.  GENERiU,  Ohgaslsation-. 

The  ibell  presents  two  distinct  types;  in  the  Articulata,  the 
order  to  which  Magellania  belongs,  the  dorsal  and  ventral  valves 
are  dissimilar,  the  dorsal  valve  having  a  cardinal  process  and  usually 
a  shelly  loop,  the  ventral  a  spout-like  beak  for  the  peduncle ;  while 
in  the  Inarticulata.  of  which  Lingula  is  a  good  example  (Fig.  270^), 
the  two  valves  are  nearly  alike,  and  there  is  no  shelly  loop,  and  no 
beak.  Thase  differences  are  accompanied  by  differences  in  micro- 
scopic structure ;  in  the  Articulata  the  shell  is  a  dense  stony 
structure  formed  of  obliquely  placed  calcareous  prisms,  while  in 
the  Inarticulata  it  has  no  prismatic  structure,  but  usually  con- 
sists of  a  chitinoid  material  more  or  less  strengthened  by  calcareous 
spicules.  Among  the  Articulata  the  loop  may  be  absent ;  when 
present,  it  varies  greatly  in  form  and  size,  being  sometimes  veiy 
small  and  simple  (Fig.  270,  C,  D),  sometimes  bent  upon  itself,  as 
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in  Magellania,  sometimes  attached  to  the  septum  or  to  the  interior 
of  the  dorsal  valve  (E),  sometimes,  as  in  the  extinct  Spirt/era, 
represented  by  a  complex  double  spiral  (F),  sometimes  reduced  to 
short  paired  rods  sprioging  from  the  septum  (G). 

The  majority  of  both  orders  are  attached  by  a  longer  or  shorter 
pednncle  which  passes  between  the  proximal  ends  of  the  valves  in 
Lingula  {Fig.  270,  A),  through  a  perforation  in  the  ventral  valve  in 
Discina  {C),  and  through  a  foramen  in  the  spout-like  posterior  end 


Dlactnk)  D,  Terabrktnl*] 


of  tho  ventral  valve  in  the  Articiilala,  Crania  (B)  has  the  ventral 
valve  fixed  directly  to  foreign  objects,  the  iRKluncle  being  absent. 

The  lophoptaore  is  foimd  in  its  simplest  fonn  in  Cisttlhi 
(Fig.  271,  A)  in  which  it  is  a  horse-shoc-shnped  disc,  with  very 
short  arms,  attached  to  the  dorsal  man  tie -lobe,  and  surroimded 
with  flexible  tentacles  which  project  bctwwn  the  valves.  From 
this  the  lophophore  of  Magellania,  which  may  be  consideri-d  as 
tj-pical  for  the  Articulata.  is  easily  derived  by  an  incivase  in  size. 
and  by  the  prolongation  of  the  middle  region  of  the  concave  •.■dge 
into  a  coiled  oflshoot.  In  the  Inarticulate  (C),  and  in  RhjTi- 
chonella  (B)  among  the  Articulata  each  ami  of  the  horse-shoe  is 
coiled  into  a  conical  spiral,  which  in  some  cjises  can  be  pnitrnded 
between  the  valves. 

The  most  noteworthy  point  abimt  the  muiculor  Ryitem  is  the 
foot  that  the  shell  is  both  oi)encd  ami  clusetl  by  muscular  action. 
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The  dorsal  val\e  may  bt-  teken  to  represent  a  lever  of  which  thc> 
hinge-line  is  the  fulcrum,  the  cardinal  process  the  short  arm,  and 
the  main  ijortion  of  the  valve  the  long  arm.  The  muscles  all  arise 
from  the  ventral  valve,  the  adductors  being  inserted  into  the  inner 
face  of  the  dorsal  valve,  which  they  depress,  the  divaricatora  into 
the  cardinal  process,  their  action  depressing  it  and  thus  elevating 
the  valve  itself.  In  Lingula  there  is  a  verj"  complex  muscular 
sj-stem  bymeans  of  which  the  valves  can  be  rubbed  upon  one  another, 
or  moved  laterally  as  well  as  opened  and  shut. 

In  the  Articulatn  the  enteric  canal  is  Y-shaped,  as  in  Magel- 
lania,  the  intestine  being  straight  or  nearly  so,  and  ending  blindly. 


KlG.  371.— Dlisei 
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In  the  Inarticulata,  on  the  other  hand,  the  intestine  is  usually 
coiled,  and  always  ends  in  an  anus  (Fig.  271,  C,  a),  which  generally 
opens  into  the  mantle-cavity,  but  in  one  genus  (Crania)  into  a 
pouch  or  sinus  at  the  posterior  end  of  the  body  between  the 
valves. 

A  heart  is  usually  pr&sent,  but  the  function  of  bltxid  is  per- 
formed mainly  by  the  ccelomic  fluid,  which  is  propelled  by  the 
cilia  lining  that  cavity  and  circulates  both  in  the  ctplome  itself  and 
in  the  paTlial  sinuses,  each  sinus  presenting^n  Lingula  at  least 
—both  an  outgoing  and  an  ingoing  current. 

ingle  |mir  of  neptaridla,  resembling  thtwe  of  Mageljania. 
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oocuis  in  all  known  genera  except  Rh\~nchoceUa,  in  which  there  are 
two  pairsv  one  dorsal  and  one  ventral.  Besides  disehar^iiing  an 
excretorr  function  they  act  as  gonoducts. 

The  nerroiu  qfstem  alwavs  takes  the  form  of  a  cireum-<eso- 
phageal  ring  with  ganglionic  enlargements,  the  largest  of  which 
is  ventral  €»r  sub-cesophag^al  in  position.  Otocysts  have  been 
described  in  Lingula.  rudimentary'  eyes  in  Megerlia,  and  patches 
of  sensonr  epithelium  in  Cistella :  with  these  exception^  st^^nsory 
organs  are  unknown. 

There  are  usually  four  gonads,  two  dorsal  and  two  ventral, 
sending  prolcmgations  into  the  pallial  sinuses.     Some  genera  are 
dioecious,  othere  hermaphrodite,  the  epithelium  of  the   gonads, 
producing,  in  the  latter  case,  both  ova 
and  sperms. 

The  derelopment  of  the  Brachiopodst 
is  best  known  in  Cistella,  in  which  the 
first  stages  of  development  are  passed 
through  in  a  pair  of  cavities,  the  hrocd- 
pcuchcji^  situated  at  the  base  of  the 
lophophore.  Segmentation  is  rt^gular 
and  complete,  and  results  in  the  forma- 
tion of  a  blastula  which  is  converted 
into  a  gastnila  by  invagination  (Fig. 
272,  A).  Paired  sacs,  the  calomu-  jHymhts 
(/?.r},  grow  out  from  the  archentenjn. 
aiod  the  blastopore  closes.  The  coelomic 
sacs  separate  from  the  me^nUron  (B,  nu] 
or  middle  portion  of  the  archenteron,  an<l 
extend  between  it  and  the  ectoderm, 
forming  the  right  and  left  divisions  of 
the  coelome:  their  outer  walls  thus  be- 
come the  somatic,  their  inner  walls  the 
splanchnic    layer    of    mesoderm.      The 

mesenteron  remains  closed  and  surrounileil  by  the  cieloinie  Siics 
during  the  whole  of  lar\'al  life. 

The  embrjo  now  elongjites  and  bicomes  divitKnl  by  an  annular 
groove  into  two  divisions,  an  anterior  and  a  ^K>sterior :  a  stH?on<l 
groove  so<^)n  appears  in  the  anterior  division,  the  embryo  then  con- 
sisting of  three  regions  (B),  which,  from  a  sujKrticial  piunt  of  view, 
might  be  looked  ujKai  as  metameres.  But  as  the  segmentation 
aflFects  only  the  b<Kly-wall  and  not  the  internal  [Kirts,  the  pnx^ess 
is  not  one  of  niet<imerisni,  and  the  three  apj^iin^nt  segments  are 
called  n^pectively  the  houf  nifion  (Fig.  27.S,  vs\  the  Mi/-n*;ion, 
(ww)  and  thi.^  poliniafifir  nffion  yl*s\ 

Next  the  head-region  grows  out  into  an  umbn'lla-like  iliso  sur- 
rounded with  cilia  and  blearing  four  eye-spi^>ts  {A],  and  on  the 
body-region  a  backwanily-tlirectiKl  annular  fold  ^,//0'  appeaiN,  In-ar- 
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ing  four  groujis  of  pryvisional  set^.  Soon  this  inontlc-fold  dividej- 
into  dorsal  and  veotral  lobes,  which,  being  directed  backwards, 
cover  the  peduncular  region. 

In  this  condition  the  lar\'a  awims  freely  like  a  trochoapheiv. 
After  a  time  it  comes  to  rest  and  fixes  itself  by  its  peduncular  seg- 
ment (B).  The  two  lobes  of  the  mantie-fold  {m)  become  reflexed  si. 
as  to  point  forwards  instead  of  back- 
wards, thus  leaving  the  pedimcular 
region  expired  and  covering  the 
head-region :  by  this  process  the 
outer  surface  uf  the  larval  mantle 
becomes  internal,  and  vice  verm..  A 
stomodieuni  is  formed  on  the  head- 
region,  and,  communicating  with  the 
ineaenteron,  establishes  the  enteric 
canal.  The  umbrella-like  head-region 
decreases  in  size,  and  perhaps  fomii- 
the  lip,  which  is  at  first  confined  to 
tho  region  imraeiiiateiy  dorsal  to  the 
mouth.  The  lophophore  appears  at 
hret  on  the  inner  surface  of  the 
dorsal  mantle-lobe,  but  gradually  ex- 
tends and  surrounds  the  mouth.  In 
its  early  stages  it  is  circular,  but 
after  wai-ds  assumes  the  horseshoe 
fonn  by  sending  out  paired  exten- 
sions. In  genera,  like  Magellania. 
with  a  complex  lophophore,  this 
i:)rgan  has  at  first  a  simple  horse- 
shoe form  (Fig.  274,  Iph^).  A  shell  is 
secreted  by  the  mantle-lobes,  and  the 
peduncular  region  becomes  the  pe- 
rluncle  of  the  adnlt. 

Dlstrlbutlou.^Thc  Brachiopoda 
lire  all  rjiarine.  They  are  widely 
distributed  geographically,  and  live 
at  various  depths — from  between  tide- 
marks  Ui  2,900  fathoms.  At  the 
present  day  the  class  includes  only 
about  twenty  genera  and  100  species, 
but  in  jjast  times  the  case  was  very  different,  Brachiopixis  appear 
fii-st  in  the  lower  Cambrian  rocks,  where  the  existing  genera, 
Lingula  and  Discina,  arc  foimd.  No  more  striking  examples  can 
be  adduced  of  persistent  types — organisms  which  have  existed 
almost  imchanged  for  the  vast  period  during  which  the  whole  of 
the  fossiliferous  rocks  have  been  in  process  of  formation.  Alto- 
■ther  106  genera  are  known  fnnn  the  palienzoic  rocks,  thirty-four 
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from  the  mesozoic,  and  twenty-one  in  the  cainozoic  and  recent 
periods.  Obviously  the  group  is  tending,  though  slowly,  towards 
extinction. 

Recent  researches  on  fossil  and  recent  forms  have  shown  the 
Brachiopoda  to  illustrate,  in  a  remarkable  manner,  the  Recapitu- 
lation   theory   already   referred    to:    the    theorj%   that   is,   that 
ontogeny   or  individual   development 
is  a  more  or  less  modified  recapitula- 
tion of  phylogeny  or  ancestral  develoi)- 
ment.     It  has  been  shown  that  there 
is    a    striking  and    almost    complete 
]iarallettsm  between  the  stages  in  the 
aevelopment  of  the  shelly  loop  in  such 
highly  organised  forms  as  Magellaniii, 
and   the   entire   series  of  articulated 
Brachiopods,  from  those  with  the  sim- 

t)lest  to  those  with  the  most  complex 
no]>. 

MuTCAL  Relationships  of  the 
Classes  of  the  Molluscoida. 

In  adult  structure  Phoronis  ex- 
hibits marked  resemblances  to  the 
Ectoi»rocta,  more  especially,  to  the 
Phy  lac  to  U'l  I  lata — resem  blances  which 
will  be  rendered  clear  by  a  comjiari- 
son  of  the  diagrams  A  and  B  of  Fig. 
275.  In  both  the  ventral  side  of  the 
body  is  greatly  produced  and  elongated,  a 

of  the  mouth  and  anus,  the  <lorKJil  surface  is  reduced  to  a  verj- 
short  space  between  those  two  a()ertures.  The  fonn  of  the  lopho- 
phore,  the  presence  of  an  epistonie- having  similar  relationships  in 
the  two  gntups,and  the  fact  that  theccelome  is  similarly  <levoloped 
in  the  two  groups,  point  in  the  same  direction.  Some  pomts 
which  are  supposed  to  indicate  relationships  with  the  Annnlata 
and  with  the  Chordata  are  referred  to  at  a  later  stage. 

Thu  resemblances  betwi'eu  the  BrachiojKjda  and  the  other  two 
classe.-i  of  the  phylum  are  .somewhat  disguised  by  the  <levelopment 
of  the  shell,  but  are  vt-ry  obvious,  inore  partifutarly  when  we  t^ike 
into  account  certain  of  the  teatuR's  of  the  development.  One  of 
the  most  striking  points  of  resemblance  K^tween  tne  three  classes 
is  the  presence  of  the  lophophore  with  its  tentjicles ;  in  the  earlier 
stages  of  its  development  in  the  Brachiopod,  as  wt!  have  seen,  this 
stmcture  (Fig,  27+)  has  the  horseshoe  shaix'  which  it  preserves  in 
the  adult  Phoronida  and  Phylactolu'iiiata,  and  a  lobc' — the  arm- 
fold  iir  li]>  (//I V— comparable  to  the  epistome,  is  juvsent,  overhanging 
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the  mouth.  The  end  of  the  body  of  the  Brachioputl  with  which 
the  peduncle  is  connected  must  correspond  to  the  aboral  extremity 
in  the  Polyzoa,  since  this  represents  the  part  by  which  the  larval 
Polyzoan  becomes  fixed,  the  everted  "  sucker  "  of  the  latter  being 
evidently  homologous  with  the  foot-segment  of  the  lar\*al  Brachi- 
opod.  The  end  of  the  body  of  the  Brachiopod  from  which  the 
peduncle  proceeds  is  thus  the  ventral  portion.     From  the  position 
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of  the  epistome  and  lophophorc,  it  follows  that  the  dorsal  valve 
of  the  Brachiopod,  being  on  the  same  side  of  the  month  as  the 
epistome,  lies  on  the  side  of  the  body  corresponding  with  the  anal 
side  of  the  Polyzoan,  though  the  intestine  is  bent  round  in  the 
opposite  direction  and  directed  towards  the  ventral  valve.  The 
supra-CESophageal  ganglion  of  the  Brachiopod  represents  the  single 
ganglion  of  the  Polyzoa,  though  it  is  subordinate  in  import^tncc  to 
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the  infina-cesophageal  ganglion  not  represented  in  the  latter  group. 
Other  important  points  of  resemblance  between  the  Brachiopoda 
and  the  Phoronida  are  in  the  character  of  the  nephridia,  and  the 
presence  in  both  of  larval  forms  which  may  very  well  be  looked 
upon  as  modified  Trochospheres. 

The  setse  of  Brachiopods,  sunk  in  muscular  sacs,  are  marks  of 
annulate  affinities,  since  such  organs  are  found  elsewhere  only 
among  Chsetopoda  and  GephjTea  (Sect.  X.).  The  form  of  the 
larva  tells  in  the  same  direction,  the  eye-bearing  head  region 
orprostomium  and  the  provisional  setaei  being  very  striking  charac- 
ters But  the  segmentation  of  the  Brachiopod  is  quite  different 
from  that  of  the  annulate  larva,  in  which  new  segments  are  always 
added  behind  those  previously  formed,  and  in  which  metamerism 
always  affects  the  mesoderm. 


SECTION  IX 

PHYLUM  ECHINODERMATA 

The  phylum  Echinodennaia  comprises  the  Starfishes  (Asteroidea), 
Sea-urchins  {Echinoidea),  Brittle-stars  (Ophiuroidea),  Feather-stars 
(Cnnoidea)y  and  Sea-cucumbers  {Bolothuroidea).  All  exhibit  a 
radial  arrangement  of  parts,  which  is  recognisable  as  well  in  the 
globular  Sea-urchins  and  elongated  Sea-cucumbers,  as  in  the  star- 
shaped  Starfishes,  Brittle-stars  and  Feather-stars.  Another  uni- 
versal feature  is  the  presence  of  a  calcareous  exoskeleton,  sometimes 
in  the  form  of  definitely  shaped  plates,  which  may  fit  together  by 
their  edges  so  as  to  form  a  continuous  shell ;  sometimes  merely  in 
the  form  of  scattered  particles  or  spicules.  In  ver}'  many  the 
surface  is  beset  with  tubercles  or  spines,  from  which  feature  the 
name  of  the  phylum  is  derived.  The  various  systems  of  organs 
attain  a  comparatively  high  degree  of  complexity.  The  Echino- 
denns  are  rarely  capable  of  rapid  locomotion,  and  are  sometimes 
permanently  fixed  by  means  of  a  stalk :  they  never  give  rise  to 
colonies  by  budding.  Without  a  single  exception,  all  the  members 
of  this  phylum  are  inhabitants  of  the  sea. 

1.    Example  of  the  Asteroidea. 
A  Starfish  {Asterias  rubens  or  Anthenea  Jlavescens), 

General    External    Features   of  Asterias  rubens. — The 

body  of  the  Starfish  is  enclosed  in  a  tough,  hard  integument, 
containing  numerous  plates,  or  ossicles  as  they  are  termed,  of 
calcareous  material,  'ftiis  exoskeleton  is  not  completely  rigid  in 
the  fresh  condition,  but  presents  a  certain  limited  degree  of  flexi- 
bility. The  body  (Fig.  276)  is  star-shaped,  consisting  of  a  central 
part,  the  central  disc,  and  five  symmetrically  arranged  processes, 
the  arms  or  raySy  which,  broad  at  the  base,  taper  slightly  towards 
their  outer  extremities.     There  are  two  surfaces — one,  the  dorsal, 


PHYLUM  ECHINODERMATA 


347 


or  abactiiial,  du-ected  upwards  in  the  natural  position  of  the  living 
Mninial ;  the  other,  the  veiUral,  or  actinal,  directed  downwards. 
The  dorsal  surface  is  convex,  the  ventral  flat ;  the  colour  of  the 
I'ormer  is  much  darker  than  that  of  the  latter. 

In  the  centre  of  the  ventral  surface  (Fig.  276)  is  a  five-rayed 
aperture,  the  adinostotm,  and  running  out  from  this  in  a  radiating 
niantier  are  five  narrow  grooves,  the  ambidacrat  grooves,  each 
running  along  the  middle  of  the  ventral  surface  of  one  of  the 
iimis  to  its  extremity.  Bordering  each  of  the  ambulacral  grooves 
there  are  either  two  or  three  rows  of  movable  calcareous  spines, 
the  ntttbulacral  gpinei.  At  the  centnij  ends  of  the  grooves  the 
jinibulacral  spines  of 
contiguous  sides  of  ad- 
jacent grooves  form 
five  groups,  the  month 
jiapiUo;  one  at  each 
nngle  of  the  mouth. 
External  to  the  am- 
bulacral spines  are 
three  rows  of  stout 
spine!:!,  which  are  not 
movable  :  and  a  thin! 
jieries  nm-s  along  the 
border  .separating  the 
ventral  from  the  dorsal 
.siirtaci'. 

On  the  convex  rfo/- 
xnt  surface  there  are  a 
number  of  short  stout 
spines  arranged  in  ir- 
regular   rows   parallel  ^   _^ t,„™,„, 

with    the    long    axes  i>ia*(>»iu».) 

«f    the    rays.      The.se 

are  supported  on  irregularly -shaped  os.siclcs  buried  in  the  in- 
tegument. In  the  sort  intersj>aces  between  the  os.sicles  are  a 
number  of  minute  [Jon's,  the  dermal  jwirK.  scarcely  visible  with- 
out the  aid  of  a  lens.  Through  each  i.f  these  iwn's  projects 
a  very  small,  soft,  filiform  process,  one  of  the  dcrjixU  hrfinthia; 
or  iMtpnh-  (Fig.  2H0,  Resp,  ivi'),  whleh  is  caiKiblt'  i>f  being  entirely 
retract  e<i. 

Very  nearly,  though  not  quite,  in  the  eentn'  i>f  the  dorsal  sur- 
feci-  is  an  aperture,  the  anus  (Fig.  285),  wide  enough  to  admit 
of  the  passitge  of  a  moderately  stout  pin.  On  thi'  Siune  surfiice, 
midway  between  the  bases  of  two  of  thf  niys,  is  a  flat,  nearly 
circular  plate,  the  surfiice  of  which  is  niarki'd  by  a  number  of 
radiating  narrow,  straight,  or  slightly  wavy  gnxjves:  thi.s  is  the 
mai/r'/iorlff.     The  presene*^'  of  this  structure  interfens  in  some 
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extent  with  the  radial  symmetry  of  the  Starfish,  two  of  the  anti- 
meres  (p.  40),  viz.  those  between  which  the  madreporite  is  placed, 
being  different  from  the  rest.  There  thus  arises  a  bilateral  sym- 
metry, there  being  one  vertical  plane,  and  only  one — that  passing 
through  the  middle  of  the  madreporite  and  through  the  middle  of 
the  opposite  arm — along  which  it  is  possible  to  divide  the  starfish 
into  two  equal — right  and  left — portions.^  The  two  rays  between 
which  the  madreporite  lies  are  termed  the  hivium^  the  three 
remaining  the  trivium. 

Attached  to  the  spines  of  the  ventral  surface,  in  the  intervals 
between  them,  and  in  the  intervals  between  the  spines  of  the 
dorsal  surface,  are  a  number  of  very  small,  almo.  ^  microscopic 
bodies,  which  are  termed  the  pedicellarite  (Fig.  285  and  Fig.  280, 
Fed).  Each  of  these  is  supported  on  a  longer  or  shorter  flexible 
stalk,  and  consists  of  three  calcareous  pieces — ^a  basilar  piece  at 
the  extremity  of  the  stalk,  and  two  jaivSy  which  are  movably  articu- 
lated with  the  basilar  piece,  and  are  capable  of  being  moved  by 
certain  sets  of  muscular  fibres,  so  as  to  open  and  close  on  one 
another  like  the  jaws  of  a  bird.  In  some  of  the  pedicellariae  the 
jaws,  when  closed,  meet  throughout  their  entire  length,  while  in 
the  case  of  others,  mostly  arranged  in  circles  round  the  spines  on 
the  dorsal  surface,  one  jaw  crosses  the  other  at  the  end  like  the 
mandibles  of  a  Cross-bill. 

In  a  well-preserved  specimen  there  will  be  seen  in  each  of  the 
ambulacral  grooves  two  double  rows  of  soft  tubular  bodies  ending 
in  sucker-like  extremities ;  these  are  the  tube-feet  (Fig.  276).  In 
a  living  specimen  they  will  be  seen  to  act  as  the  locomotive  organs 
of  the  animal.  They  are  capable  of  being  greatly  extended,  and 
when  the  Starfish  is  moving  along,  it  will  be  observed  to  do  so  by 
the  tube-feet  being  extended  outwards  and  forwards  {i.e.  in  the 
direction  in  which  the  animal  is  moving),  their  extremities  be- 
coming fixed  by  the  suckers,  and  then  the  whole  tube-foot  con- 
tracting so  as  to  draw  the  body  forwards ;  the  hold  of  the  sucker 
then  becomes  relaxed,  the  tube-foot  is  stretched  forwards  again, 
and  so  on.  The  action  of  all  the  tube-feet,  extending  and  con- 
tracting in  this  way,  results  in  the  steady  progress  of  the  Starfish 
over  the  surface.  With  the  aid  of  the  tube-feet  the  Starfish  is 
also  able  to  right  itself  if  it  is  turned  over  on  its  back. 

At  the  extremity  of  each  of  the  ambulacral  grooves  is  to  be 
distinguished  a  small  bright  red  speck,  the  eye  (Fig.  280,  A,  oc), 
with  over  it  a  median  process,  the  tentacle  (t),  similar  to  the  tube- 
feet,  but  smaller  and  without  the  terminal  sucker.  The  tentacles 
have  been  ascertained  by  experiment  to  be  olfactory  organs,  the 
Starfish  being  guided  to  its  food  much  more  by  this  means  than 
by  the  sense  of  sight. 

^  The  slightly  eccentric  position  of  the  anal  aperture  introtUices  a  correspond- 
ingly slight  inecjuality  between  the  right  and  left  portions.* 


PHYLUM  ECHINODEBMATA 


349 


Trantveno  Section  of  an  Arm If  one  of  the  arms  be  cat 

across  transversely  (Fig,  277  and  Fig.  280,  B)  and  the  cut  surlace 
examined,  the  dorsal  part  of  the  thick,  hard  wall  of  the  arm  will 
present  the  appearance  of  an  arch  (with  its  convexity  upwards), 
and  the  ventral  part  the  form  of  an  inverted  V,  the  ends  of  the 
limbs  of  which  are  connected  with  the  ventral  ends  of  the  dorsal 
arch  by  a  very  short,  flat,  horizontal  portion.  Enclosed  by  these 
parts  is  a  space,  a  part  of  the  ccelmne  or  body-cavity,  and  betow, 
between  the  two  limbs  of  the  V,  i.s  the  ambulacral  groove.  The 
dorsal  arch  ia  supported  by  a  number  of  irregular  ossicles.  It  is 
perforated  by  the  numerous  small  dermal  porea,  through  which  the 
dermal  branch  ite  pro- 
ject. The  V-ahfpcd  ven- 
tral part  of  the  body- 
wall— i.e.  the  walls  of 
the  ambulacral  groove 
— is  supported  by  two 
rows  of  elongate  ossicles, 
the  ambulacral  oagides 
(Fig-280,^mii.oB).which 
meet  together  at  the 
apex  or  summit  of  the 
groove  like  the  rafters 
supporting  the  roof  of 
a  house,  but  with  a 
movable  articulation  al- 
lowing of  separation  or 
approximation  of  the 
two  rows  so  OS  to  open 
or  close  the  groove.  At 
the  end  of  the  ray  the 
ambulacral  ossicles  end 
in  a  median  termitvil 
ossicle.     At   the   edges 

of  the  groove  a  row  of  ossicles  supports  the  ambulacral  spines  anil 
prominent  tubercles.  Between  the  ambulacral  ossicles  of  each  row 
are  a  series  of  oval  openings,  the  ambulocral  pores,  one  between 
each  contigiious  pair  of  ossicles,  and  so  arranged  that  they  form 
two  rows  on  each  side,  one  row  higher  than  the  other,  the  pores 
of  the  higher  row  alternating  with  those  of  the  lower.  In  the 
ventral  groove  lie  the  contracted  tube-feet  (t.  /.) :  each  tube- 
foot  ia  found  to  correspond  to  one  of  the  ambulacra!  pores,  so 
that  the  former,  like  the  latter,  are  arranged  in  a  double  alter- 
nating row  on  each  side  of  the  groove.  When  the  tube-foot  ia 
drawn  upin,  it  is  seen  to  be  continuous  with  one  of  a  series  of 
little  bladder-like  bodies,  which  lie  on  the  other  side  of  the  ambu- 
lacral os.-iicles,  i.e.  in  the  cavity  of  the  ann.     These — the  nmjytillte 
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(amp.  Figa.  277  and  280  :  ap.  Fie;.  278) — are  an'angtHi  like  the  tubi>- 
Ceet,  in  a  double  row  on  each  side,  a  higher  row  and  a  lower, 
there  being  one  opposite  etich  anibidacnu  pore.  When  one  of 
them  ia  squeezed  the  corresponding  tube-foot  is  distended  and 
protruded,  the  cavities  of  the  tube-foot  and  ampidia  being  in 
cominimication  by  means  of  a  narrow  canal  running  through  the 
ambulacral  pore ;  ajid  it  is  in  this  way  that  the  foot  is  protruded 
in  the  living  animal :  the  corresponding  ampulla  bejiig  contracted 
by  the  contraction  of  the  muscular  fibres  in  their  walls,  the  con- 
tained fluid  is  injected  inta 
the  tube-foot  and  causes  its 
piiitmsinn. 

Vascular  and  Nervoua 
Syatem. — Running  along  thc' 
jiuihuUicnil  yruoVL',  immedi- 
ately below  where  the  ambu- 
lacral  ossicles  oi'  opposite  sides 
articulate,  is  a  fine  tube,  the- 
milial  itmbidncral  rejistl  (Fig. 
277.  rfid.  amh.  Fig.  278,  )■), 
which  appears  in  the  trans- 
verse section  as  a  small  rounded 
aperture.  From  this  short  side- 
branches  ((■',  Fig.  278)  pass  out 
on  either  side  to  open  into  the 
l)aHes  of  the  tube-feet.  Below 
the  radial  ambulacra  1  vessel 
is  a- median  thickening  of  the 
integument  covering  the  am- 
bulacral  groove;  this  marks 
the  position  of  the  rniiifil  nerve 
(Fig.  277,  1-ad.  ne.)  of  the 
cp-iticrmal  nervous  si/stcni,  and 
is  traceable  as  a  narrow  thick- 
ened band  running  throughout  the  length  of  the  groove,  and 
terminating  in  the  eye  at  its  extremity,  while  internally  it  becomes 
continuous  with  one  of  the  angles  of  a  pentagonal  thickening  of  a 
simitar  character,  the  nerve-paUttgon,  which  surrounds  the  mouth. 
In  thin  sections  (Fig.  279)  the  ventral  median  thickening,  or 
radial  nerre  (rnrf.  nerv.),  as  well  as  the  nerve-pentagon,  are  seen  to 
be  thickenings  of  the  epidermis,  consisting  of  numerous  vertically- 
placud.  fibre-like  cells,  with  their  nuclei  at  their  outer  (lower) 
ends,  intermixed  with  longitudinal  nerve-fibres  and  with  nerve- 
cells.  Above  this,  on  each  side  of  the  epidermal  nerve-thickening 
constituting  the  radial  nerve,  is  a  band  of  cells  (rf.  turv.)  also  of  a 
character.  These  more  deeply  placed  nerve-bands  are  thi 
radial  parts  of  the  deep  neifous  si/sffm :  like  the  epidermal  thi 
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deep  nerv'outi  system  has  a  central  part  in  the  form  af  a  pentagon, 
which  in  this  case  is  double,  surrounding  the  mouth.  A  third  set 
of  nerve  elements  (the  calomic  nervous  system)  extend  along  the 
roof  of  the  arm  superficial  to  the  muscles. 

The  two  radial  nerve-bands  of  the  deep  nervous  system  are 
thickenings  of  the  lining  membrane  of  a  space  overlying  the 
radial  nerve  and  underlying  the  radial  ambulacral  system.  This 
space  {rail.  hi.  v.).  extending,  like  the  other  parts  that  have  been 
mentioned,  throughout  the  length  of  the  arm.  forms  part  of  a 
system  of  channels  v^hich  are  usually  regarded  as  constituting  a 
blood-vaerular  system.  This  radial  hfood -vessel,  as  it  is  termed,  is 
divided  longitudinally  by  a  vertical  septum  (si-pl.)  into  two  latemt 
halves.  Internally  it  'com- 
municates with  an  oral  ring- 
txsael  surrounding  the  mouth 
and  likewise  divided  into  two 
by  a  septum.  The  inner 
division  of  this  ring-vessel 
communicates  with  the  ccc- 
lome ;  the  outer  is  connected 
with  the  axial  sinus  referred 
to  below. 

Structure  of  the  ZMso. 
--Wh-ii  thL-  doR«l  wall  of 
ihf  ccnti-al  di.sc  is  dissected 
away,  the  remainder  of  the 
oi;gans  come  into  view  (see 
Fig.  283).  The  rows  of  am- 
bulacral ossicles  appear  on 
this  view  as  ridges,  the  am-  cu*uot.) 

balacral  ruigts,  one  running 

along  the  middle  of  the  ventral  surface  of  each  arm  to  its  ex- 
tremity, and  extending  inwards  to  the  corresponding  angle  of  the 
mouth.  At  the  sides  of  each  of  these  ridges  appear  the  rows  of 
ampulla'.  Within  the  pentagonal  actinostome  is  a  space,  ihe 
perhlome,  covereri  with  a  soft  integument,  and  in  the  centre  of 
this  is  a  circular  opening,  the  true  mouJk,  the  size  of  which  i.-* 
capable  of  being  greatly  increased  or  diminished. 

Body-ivaU  and  C<Blome. — The  entire  outer  surface  is  covercti 
with  a  layer  of  ciliated  epithelium,  the  rpidcnnis  or  dcric  epi- 
thelium (Fig.  280,  Der.  £]Hthm.),  which  is  continued  over  tbf 
various  appendages  and  processes— the  tubercles  anil  spines,  the 
pedicellarice,  the  dermal  branchise.  and  the  tube-feet.  Beneath 
it  is  a  network  of  nervc-tibrils  with  occasional  nerve-cells.  The 
maodtnn  (Derm)  of  the  wall  of  the  body  beneath  this  consists  of 
two  layers,  between  which  are  a  number  of  spaces :  theos8icles((M.t 
ore  all,  except   the   ambulacral  iissicle.s  anil   the  inter-radial   |rtr- 
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titioiis.  developed  in  the  outer  of  these  two  layers.  Each  ossicle 
consists  of  a  close  network  of  calcareous  rods.  Between  contiguous 
ossicles  extend  bands  of  muscular  fibres. 

The  interior  of  the  ccdame  {ccel.)  or  body-cavity  is  lined  by  a 
ciliated  epithelium,  the  ccelomie  ^it/i^iunt  (Cat.  Spithm,),  which 
not  onlj'  covers  the  inner  surface  of  the  body-wall  as  the  parietal 
layer,  but  forms  an  investment  also  for  the  contained  organs — 
the  various  parts  of  the  alimentary'  canal  and  its  appendages,  the 
gonit-fi!  glands,  the  madreporic  canal,  ampuUje,  Poliaii  vesicles,  etc. 


iria.  SW.— iNiDinuiiiiuiHe   ._ 

X  ndlui.  Ml  Uu  Latt  tiuouah  a 
luba-feot  (£.  F,)*ai  txavSOm  < 

an  inn.    Tba  ect-* '-  — 

rwlbim' •trtatod, 
caluniic  cplthelii 


siiltlieUmi 


>idd:  Cat.  Bpilhat 
I.  ^Am.  BBMrlc  splthel 
eDiciT ;  JM.  mouUi ;  JVr.  JL  Dm- 
f.  pealcflllvljv ;  ph.  paHlvmia]  ■ 

p.  donuAl  bntDchijB ; 
.    (From  Pwlwr'"  Bialom/.) 


In  addition  to  this  visceral  layer  of  the  peritoneum,  the  wall  of 
the  alimentary  canal  and  its  cseca  consists  of  a  muscular  layer  and 
an  internal  lining,  the  ertieric  epithelium  or  endoderm  (EjU.  Spthm.). 
The  ccelome  ia  filled  with  a  fluid,  the  ctelomic  fiuitl,  consisting 
mainly  of  sea-water,  but  containing  a  number  of  amceboid  cor- 

Euscles  (etmaboeytes)  containing  a  orown  pigment.  The  dermal 
ranchiie  consist  of  a  miiscular  layer,  an  external  epidermal  layer, 
and  an  inttmal  peritoneal  layer,  the  internal  cavities  of  the  hollow 
lij-anchiiT  being  in  free  communication  with  the  ccelome. 
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ZHgettlve  l^vtem. — The  mouth  is  found  to  open  through  a 
short  passage,  the  (esophagus,  into  a  wide  sac,  the  aniliac  tlivtsimi. 
of  the  Btomack  (Fig.  280,  St.  Figs.  282,  284,  card.  st).  This  ia  a 
five-lobed  sac,  each  of  the  lobes  of  which  is  opposite  one  of  the 
five  arms.  The  walls  of  the  sac  arc  greatly  folded,  and  the  whole 
ia  capable  of  being  everted  through  the  opening  of  the  mouth, 
wrapped  over  some  object  desired  as  food,  and  then  retractetl  into 
the  interior,  the  retraction  being  effected  by  means  of  special 
Tctractor  muscles  (Fig.  283,  retr)  which  arise  from  the  sides  of 
the  ambulacra!  ridges.  This  cardiac  <livision  of  the  stomach  com- 
municates dorsally  with  a  much  smaller  chamber,  the  pyloric 
division  of  the  sitmiaeh, 
and  this  in  turn  opens 
into  a  verj'  short  coni- 
cal intestine,  which  leads 
directly  upwards  to 
open  at  the  anal  aper- 
ture. The  pyloric  divi- 
sion of  the  stomach  is 
pentagonal,  each  angle 
being  drawn  out  to 
form    a   pair  of   large 

ceem  (E?gs.  280,  281, 
283.  and  884,  py}.  cac). 
Each  j>air  of  pyloric 
ca?cjv  commences  as  a 
cylindrical  canal  or 
dnct,  the  lumen  of 
which  is  continuous 
with  the  cavity  of  the 
pyloric  chamber.  This 
soon  bifiircates  to  fonu  ','fn,»r  i'llvki.rt'.)  "*  ''^''■^''  '"'''"'■'"  "'  ""  """^''' 

two  hollow  stems,  ex- 
tending to  near  the  extremity  of  the  cavity  of  the  aim,  and  giving 
off  laterally  two  series  of  short  branches,  each  having  connected 
with  it  a  nnmber  of  small  bindik-r-tike  pouches.  The  walls  i.f  the 
pyloric  cjpca  an-  gJandulan  they  secivti-  a  digestive  fluid,  and  are 
therefore  to  be  hioked  upon  as  '/ir/aticf  f/huids.  It  is  fnund  by 
experimenting  with  this  digestive  tliiiil  that  it  has  an  aeti'>n  on 
food-matters  siuiilar  tn  that  exerted  by  the  secretion  "f  the 
pancreas  in  the  Vertebrata,  converting  starch  into  sugar,  i)niteid8 
mto  pepti  nes,  and  bringing  about  the  emulsification  of  fats. 
While  tne  [Miuches  of  the  canliac  division  "f  the  > 
attached  to  the  ventral  wall  of  the  Ixily,  the  pyh.ric  eaca 
connected  with  the  ilorsiil  wall.  Fmni  thc>  short  intestine 
given  ort' inter-radially  two  hollow  aj.peiidiiges,  the  iulrxiiii"! 


saxHii 

leh  with  several  slioit  hrai 


I'i"  irregulii 


i 


3U 

(Fig.  •2S\.vit.  I 
shapo. 

Ambulacral  Syitem. — Running  duwnwanlH  frum  the  madre- 
]i(nili_-  til  near  the  Inn-der  of  the  mouth  is  an  S-shapetl  cylinder, 
the  madreporic  or  stoTie-canal 
(Figs.  278,  m,  284,  mod.  mn), 
enclosed  in  a  membranous  sac' 
The  walls  of  this  canal  are  sup- 
ported by  a  series  (if  calcareous 
rings,  projecting  from  which 
inwards  is  a  ridge  which  bifur- 
cates to  form  two  spirally  rolled 
lamelliB  occupying  a  consider- 
able part  of  the  lumen  of  the 
canai.  In  some  Starfishes,  such 
as  Astropecten  (Fig.  282)  the 
internal  structure  is  more  com- 
plicated owing  to  the  branching 
of  the  lamellie.  The  interior  of  the  madreporic  canal  communicates 
above  with  the  exterior  through  the  grooves  of  the  madreporite. 
At  the  bottom  of  each  of  the  grooves  is  a  row  of  pores  leading  into 
a  sac.  the  ampulla,  which  in  turn  leads  to  the  madreporic  canal. 
Below,  the  latter  opens  into  a  wide,  five-sided,  ring-like  canal,  the 
Hng-vfseel  of  Ihf  nmbuJiicrnl  »ifstem.  From  this  are  given  off  the  five 
radial  ambulacral  vessels,  passing  to  the  extremities  of  the  arm.*^ 
From  the  pentagonal  canal  are  given  off  also  a  serief-  of  five  paire  of 
appendages,  the  Pulian  rrsiclrs  (Fig.  27R,  nji\  Fig.  283,  pol.  res) — 
pear-sl\aped,  thin-walled  bladders  with  long  narrow  necks — which 
are  placed  inter-radially.  On  the  sides  of  the  neck  of  each  Polian 
Vesicle  (except  in  the  inter-radius  containing  the  madreporic 
canal,  where  there  is  one  on  one  side  only)  project  inwards  a  pair 
of  little  roimded  glandular  bodies,  the  mffmtm  cesklcs,  or  T%tde- 
7nann's  veskh%  the  interior  of  each  of  which  is  divided  into  a 
number  of  chambers. 

The  various  paita  of  the  ambulacral  system  of  vessels  have  a 
muscular  wall  and  an  internal  lining  epithelium,  in  addition  to  the 
coverings  which  they  may  derive,  according  to  their  situation, 
either  from  the  external  epidermis  or  the  internal  c<i'loTiiic  epi- 
thelium. The  muscular  layer  is  most  strongly  develojied  on  the 
tube-feet,  where  it  consists  of  two  strata,  and  is  also  well  developed 
on  I  he  am]iulls-  and  Poliaji  vesicles. 

Accompanying  the  madreporic  canid  there  is  an  organ— ^the 
OTold  gland — tlie  relationships  and  function  of  which  have  given 
iTse  to  a  considerable  amount  of  difference  of  opinion.  It  is  a 
fusiform  body,  the  interior  of  which  is  divided  up  into  a  number 
of  freely -communicating  spaces.     In  the  interior  of  those  spaces 
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lie  numerous  large  cells,  aome  of  which  are  pigmented,  and  the 
walls  of  the  spaces  are  lined  with  an  epithelium  of  flattened  cells. 
At  its  dorsal  extremity  the  organ  terminates  in  a  narrow  pro- 
longation with  a  single  central  canal,  which  ends  in  a  nng-likc 
canal  suirounding  the  anus;  this  gives  off  five  radial  branches 
which  pass  to  the  reproductive  organs.     Surrounding  the  body  of 


Pl^.(m:  ^        ^yl.  ceec 


ilui  escapUon  of  lu  (awliiat  part-    All  tiu  di 
lour  i4  Ula  »tn  of  pflmlc  arm  ]uts  bean  oil 

wllh  QoAt  uabulncnl  rtdn*;  amp.  unpiill*. — 

uufb  of  tha  UiMT'Trndtkl  pimlJoD* ;  vt^i.  nudnporllo  wkth  th«  niAdnporlc  i 
jmJ.  rtt,  PdHui  n»lrlo«;  pjif.  eac.  iijluric — ■-   — ■ — ■ '— 


I  cLjh  k>  thair  huea.     1— a.  tbn  fln  nji 
rInuTlor  oiuscltfA  EiuoTt«d  Into  the 


the  gland  is  a  blood-sinus — the  axial  sinus — connected  orally  with 
the  oral  ring  blood-vessel ;  and  connected  with  this  at  its  aboral 
end  is  a  ring-like  vosael  enclosing  the  ring-like  canal  in  continuity 
with  the  uvoid  gland,  and  giving  ofl"  prolongations  to  the  repro- 
ductive organs.  The  cavity  of  the  ovoiil  gland  coinmunicalea  by 
a  minute  aperture  with  the  madrcjKiric  canal,  and  thus,  indirectly, 
with  the  exterior. 


Functionally  the  ovoid  glaiid,  with  its  tlependencifs,  ajijwars  ti> 
be  an  orgtm  for  the  production  of  the  amoeboid  corpuscles  which 
abound  m  the  cceloiuc  and  the  arabulacral  system.  This  function 
it  shares  with  the  Polian  vesicles  and  Tiedemann's  vesicles. 
Morphologically  it  is  a  gcnilal  stolim ;  the  narrow  prolongation* 
which  pass  tn  the  L,'t'iiitiil  organs  being  so  many  genital  rachides, 
the  ex]jaiiilril  (■■itirinirii.s  of  which  form  the  ovaries  or  testes. 

Reproductive  System. — The  Starfish  is  Mnis&cMfl/.  each  in- 
dividual iKJSscssing  cither  omries  (Figs.  283  and  284,  ov)  or 
ttsiea,  which  appear  very  similar  until  they  are  examined  micro- 
scopically. They  consist  of  masses  of  rounde'l  follicles,  like 
bunches  of  minute  grapes — a  pair  in  each  inter-radial  interval. 


ca^da  '■^'■^'^^..^^s.  ^"'{'^ 
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Ova  and  sperms  are  alike  developed  from  cells  nf  the  sami- 
character  as  those  which  become  the  amcebocytes  uf  the  ccelomic 
and  other  cavities  of  the  body.  The  ducts,  by  means  of  which 
the  ova  or  sperms  reach  the  exterior,  open  on  the  dorsal  surface 
through  a  number  of  perforations  on  a  pair  of  sieve-like  plates, 
situated  inter-radially  close  to  the  bases  of  the  arms. 

Ajiihenta  Jlaxcsccns  (F'l^.  283-286),  a  common  Australian  star- 
fish, which  may  be  taken  as  an  example  instead  of  Asferins  i-ubens, 
differs  from  the  latter  in  the  following  main  points. 

The  animal  consists  of  a  relatively  large  central  disc  and  five 
relatively  short  arms,  which  tapen-apidly  towards  their  extremities. 
On  the  ventral  surface  the  comparatively  broad  flat  surfaces  be- 
tween the  imibulacnil  grooves  are  roughish,  owing  to  the  jijate-liki- 


IX  PHYLUM  ECHIKODERMATA  367 

fissicles  being  beset  with  n  number  of  minute  rounded  tuberdes, 

which,    in    the    immediate    neighbourhood    of    the    ambulacml 

grooves,  assume  the  char- 
acter    of     short     blunt 

spines.     Here  and  there 

among     the      tubercles, 

ii.sualh'  one  in  the  middle 

of  each  ossicle,  are  petli- 

cellaria;      which      differ 

widelv     from    those     of 

Asterias.     Each  pediceU 

laria   in    Aiithenea   is  a 

small,  narrow-oblong,  cal- 
careous body,  consisting 

of   two    parallel    narrow 

valves  or  jaws :  these,  in- 
stead of  being  supported 

on   a   flexible  stalk,  are 

articulated  with  the  edges 

of  a  slit-like  depression 

on  the  stirface  of  the  flat 

ossicle,  and  are  thus  on 

a  level  with  the  general 

^urfece.     The   term  val- 

■vulate  is  a])plied  to  pedicellarire  of  this  description.     In  a  living 

Antheiiea  many  of  the  pedicellarife  will  be  found  to  have  their  values 
widely  open ;  when  they 
are  touched  the  valves 
close  together,  gradually 
opening  again  after  a  little 
time.  The  ambulacral 
spines  bounding  the  am- 
bulacral  groove  are  flat- 
tened and  blunt,  and 
arranged  in  fan-like  fasci-  . 
culi.  Round  the  border 
se)>arating  the  dorsal  and 
ventral  surfaces  the  plates 
arL'  arranged  in  two  some- 
what irregular  rows. 

The  dorsal  surface  is 
strongly  convex,  but  not 
uniformly  so,  there  being 
a  nion.'  or  less  distinct 
<leiir<.'Ssion  in  the  fonn  of 
a  shallow  op^^'n  groove, 
the  intir-ifitli'il  tif-prrssion, 


opposite  each  of  the  intervals  between  the  anns.  The  surlhpe  is 
dotted  over  with  numerous  small  rounded  tubercles,  arranged  in 
somewhat  irregular  radiating  lines.  These  dorsal  tubercles,  though 
fewer  than  those  on  the  ventral  surface,  are  for  the  must  pait  more 
prominent,  so  that  they  assume  the  character  of  short  spines.  The 
ossicles  on  which  they  are  borne  are  star-shaped  with  wix  rays, 
a  spine  being  borne  in  the  centre  of  each  ossicle,  and  one  on 
each  of  the  rays.  Between  the  ossiclefi  the  surface  is  covered 
with  a  soft  slimy  skin,  perforated  by  a  large  number  of  minute 
dermal  pores,  each  of  which  is  enclosed  by  a  minute  irregular  ring  of 
calcareous  matter ;  each  pore  serves  for  the  lodgment  of  one  ol'  thi' 
dermal  branchife.  Numerous  pedicel laria*.  similar  to  those  on 
the  ventral  surface,  but  smaller,  are  borne  on  the  os-sicles,  usually 
taking  the  place  normally  occupied  by  the  central  spine.  The 
tuhe-feet  are  arranged  in  a  single  row  on  each  side  of  ench  ambu- 
lacral  groove ;  but  the  a-mjntUct  are  in  twit  rows,  an  upper  and  a 
lower,  and  each  tube-foot  has  two  ampullie,  one  of  the  upper 
row  and  one  of  the  lower  row,  connected  with  it. 

There  are  vertical  calcarimis  inter-radial  partitions  not  de- 
veloped in  Asterias.  There  are  five  pairs  of  iiitcttiiiiil  c":at.  which 
are  narrow  tubes  slightly  enlarged  and  lobed  at  the  extremities, 

Development  of  a  Starfish  (AateriDa  glbbOBa  or  A. 
eztgna^) — In  those  Starfishes  the  reproductive  apertures  are 
placed  on  the  ventral  surface.  When  the  ova  have  been  dis- 
charged and  impregnated,  they  adhere  by  means  of  a  viscid 
matter  to  the  surface  (rock  or  stone)  on  which  they  are  laid,  and 
go  through  all  the  stages  of  their  development  in  this  position, 
never  pacing  through  a  iree  pelagic  stage.  The  eggs  an-  about 
half  a  millimetre  in  diameter,  and  of  a  spherical  shape.  Each  con- 
sists of  a  perfectly  opaque  central  mass  of  yellow  or  orange  yolk, 
and  of  a  glassy  layer  enclosing  thi-s.  After  fertilisation  the  process 
of  segmentation  begins  by  the  division  of  the  ovum  into  two  blasto- 
merea  almost  equ^  in  size,  but  one,  which  may  be  teruied  cell 
L,  slightly  smaller  than  the  other,  cell  II.  Both  I.  and  II.  soon 
afterwartfs  divide,  I.  somewhat  earlier  than  II.  Theresultingfour 
cells  again  divide,  the  result  being  the  fonnation  of  an  eight-celled 
stage  (Fig.  287,  A),  in  which  the  four  cells  derived  from  I.  form 
an  incomplete  ring  not  closed  below,  and  the  four  derived  from 
II.  form  an  incomplete  ring  open  above. 

The    eight    cells    then    divide    by    meridional    fissures    into 
sixteen,  and  a  further  division  results  in  the  formation  of  thirty- 
two.     The  thirty-two  cells  become  arranged  in  siich  a  way  as  to 
enclose  a  central  cavity  which  had  been  present  in  the  four-celled        ^^ 
stage:  this  stage  (£)  is  the  blastula;  the  cavity  is  the  segmtnta-      ^H 
tion-cavUy  or  blaslocale.     The  number  of  cells  in  the  wall  of  this      ^H 
'  The  developnient  of  these  has  been  dcBcrJbvd  in  preference  to  I]iut  uf  the     ^^^| 
^t  tmmpXKt.  ns  it  ic  bet'<^r  krinwii  nml  mori'  reiiilHv  Htiiilie<<.  ^^H 

m  I 
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cavity  increases  by  further  divisions,  antl  the  whole  surface  becomes 
covered  with  vibratile  cilia.  A  process  of  inmifhuition  theu 
follows :  one  side  of  the  bla^ttila  becomes  pushed  inwards  to  form 
a  doubled- walled  cup  or  giisfnth  (C)  opening  on  the  est*rior  by 
an  opening,  the  blastopore,  which,  at  tirst  ver\-  wide,  gradually 
becomes  narrowed.  At  the  same  time  the  shape  of  the  larva  altera, 
becoming  somewhat  elongate,  the  blastopore, h-ing  at  first  midway 
between  the  two  poles,  afterwards  gradually  drawing  nearer  to 
what  becomes  the  lower  or  ventral  pole. 

Of  the  two  layers  of  the  gastnila  (0  and  E)  the  outer  is  the 
ectoderm,  the  inner  the  riulot/frin  ;  between  them  is  a  space,  at  first 


filled  with  gtlatmous  uitttLr  in  which  cells  Mion  appear   gnnig 
rise  subsequently  to  a  third  or  middli.  U\tr  tht  iiu-^k/hiii 

The  cavit\  m  tht  gi.stnili  <.iih  IvLnuut.-  distrngui-hibk  mto 
two  [tarts  (Fig  2HH  if)— th>t  )i.irt  iiitii  whuh  tht  blistoiwri  leads 
(arrh)  and  a  wid<.r  t<.nniinl  jart  {ml  thi  krimr  bitumisthe 
postenor  part  ot  tht  diinintan  tiiidul  thi  \s\t\s\  th<  liUsto|>i>ri' 
becommg  tht  ami"  tht  litt>  r  is  tmiuti  tht  <  i'<i  -  »  Tht  wall 
of  the  tnttrocalt  l>tconits  thmntr  md  it  givts  .rt  two  lattral 
swellings  the  right  ind  Itft  nt  inula  />  nhi-  <  nif)  which 
becomt  tloseh  ipplii-<l  to  tht  sidts  il  thi  lirvil  ilinunt  tr\  canal : 
the  left  piiuch  soon  btcoiiits  Urgtr  thui  thi  right  fht  tntero- 
weie  thtn  In'comts  couiplitth  tl>*id  itl  ti  mi  thi  mttric  canal. 
Towanis  tht  inttnor  tnd  of  tht  lir\  i  tluu  is  now  toriiud  a  new 
invaginitim  friin  tht  surfatt     thi    -'    iihiimi   which  inut-*   the 
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nirJinieiitaryalinioiitftrycfiiial.nnd  forms  the  mouth  an  J 
of  the  lan'n. 

The  enteroctelic  ptmchis  gmw  round  the 


ihagus 
limenlary  canal :  in 


ntiKl!- luilcliBd  Inn-i ,    

ebd  nud  with  Uio  Unnl  miiuCh.    B 
wlut  iilJcr  lam  TlCh  Uiget  bml 


.Miciii  1.1  t'.iu  lll[>liiij,i'lu  ul  AaterlDK  clbboai 

drpTuM  half  of  Ul  cdibryn  of  thff  hudd  *^  u  A-     C,  ■nme^ 

he  bodj-CKTlty.    anh^  iiKlicmtcruii :  bl.  p.  liLvIopun ;  fit. 
4«.  Inrvnl  luoiillj ;  luir,  orp.  lanal  oi^iui.    {Kroni  Zleglnr's 


front  they  unite  to  form  a  common  cavity,  behind  they  remain 
Bei«mte<i  by  a  thin  partition  or  septum.  The  left  enteroetBlic 
pinich  gives  rise  now  Xn  the  nuliment  of  the  ainbulacml  system 
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in  the  form  of  an  outgrowth,  the  hydroco;lc.  The  lower  border 
of  this  Ijecomes  five-lobed  (Fig.  289,  A),  eai-h  of  the  lobes  (r) 
developing  latiT  into  one  of  the  radial  ambulacral  vessels;  the 
ccnti-al  piirt  of  the  hydi\woele  subsequently  ftirms  a  ring — the  riny- 
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reisel  of  the  ambulacral  eystcni.  A  pore,  the  dorsal  jwrc  {dws.  p), 
makes  its  appearance  as  an  invagination  of  the  ectwierra  nearly 
opposite  the  larval  raouth ;  this 
opens  internally  into  the  left  entcro- 
ccelic  pouch.  A  groove  is  formed  on 
the  inner  surface  of  the  hydrocoele, 
and  becomes  closed  to  form  a  canal, 
the  rudiment  of  the  madreporic 
canal ;  this  subsequently  enters  into 
communication  with  the  dorsal  pore, 
the  external  opening  of  which  corre- 
sponds to  the  future  madreporite. 

A  change   has   meanwhile  taken 

place  in  the  general  form  of  the  body 

of  the  larva.     At  the  upper  end  has 

to  iiocmii  the  veiitnd  mirfiics  u(      been  formed  an  anterior  short  lobe 

.hcwvotthesurfl-h.  (aHlerior  Jiead-loh)  and  a  posterior 

longer     lobe     {posta-ior    head-lobe). 

These  two  lobes  together  form  vvhat   is   termed  the  larval  organ 

{lart.  org),  which  later  on  becomes  absorbed  in  the  transition  to 

the  startish  form.     As  the  hydrocojlc  develops,  its  fornt  influences 

the  external  shape  of 


lent 


fo^t  (unS 


the  larva ;  on  the  left- 
hand  side  there  grows 
out  a  five-lobed  eleva- 
tion (Fig.  290,  ami). 
each  of  the  lobes  c<)r- 
responding  to  one  of 
the  five  lobes  of  the 
hydrocu-le.  Each  of 
the  latter  then  be- 
comes divided,  first 
into  three  rounded 
processes  (Fie.  289,  B, 
amb),  and  then  into 
five,  ajid  these  project 
freely  on  the  surface ; 
the  middle  one  is  the 
rudiment  of  the  ten- 
tacle, the  lateral  pro- 
cesses aix'  the  first  two 
pairs  of  tube-feet.  At 
the  same  time  five 
elevations  of  the  op- 
posite wall,  which  have  become  evident. give  rise  to  the  beginnings 
of  the  dm-sal  regions  of  the  arms. 

Tile  tninsitiun  from  the  larval  liipinnarin  stage,  as  it  is  tenned. 
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to  the  condition  of  the  five-myed  starfish  (Fig.  291)  is  effected  by  the 
abortion  of  the  larval  organ,  the  further  development  of  the  arms 
and  tube-feet,  and  certain  changes  which  take  place  in  the  internal 
organs.  Of  these,  one  of  the  most  important  is  the  fonnation  of  a 
new  mouth  and  cesophagus  (Fig.  289,  B,  ces),  the  larval  mouth  and 
oesophagus  becoming  abolished  during  the  metamorphosis.  Round 
this  new  mouth  grows  the  ring- vessel  of  the  ambulacral  system. 
From  the  stomach,  diverticula  grow  out  radially  into  the  developing 
arms  to  give  rise  to  the  cjeca;  and  later  the  permanent  anal 
opening  is  formed  on  the  dorsal  surface. 

When  the  first  ossicles  are  definitely  formed  they  present  the 
follo^ving  arrangement  (Fig.  292).     In  the  middle  of  the  abactinal 


te^rnt 


Fio.  292.— Diagram  showing  the  rebitions  of  the  chief  plates  of  the  apical  Hystem  hi  tlic  young 
Btarftsh.  an.  anuH  ;  6tw.  basals  ;  dor*.  dt>rso-ccntral ;  uuxiJi-  raadreporite  ;  nul.  nuiials ;  ^cc. 
I'tul.  secondary  radials. 


surface  is  a  single  dorsO'Central  plate  {dors).  Around  this  are  five 
basids  (has),  one  of  which  becomes  converted  into  the 
madreporite.  External  to  these,  five  radials  (rad.)  appear  some- 
what later.  At  the  end  of  each  developing  arm  is  a  single 
tennirud  or  ocular  plate  (term),  which  is  carried  outwards 
as  the  ambulacral  and  adambulacral  ossicles  of  the  arm  are 
developed,  supporting  the  corresponding  eye  and  tentacle.  A  ring 
of  secondary  radials  (sec.  rad)  is  developed  between  the  radials  and 
the  dorso-central.  In  the  adult,  by  the  intercalary  development  of 
numerous  additional  ossicles,  these  primary  plates  of  the  apical 
system,  n^  it  is  tenued,lose  their  original  anungement,  and  become, 
with  the  exception  of  the  madreporite  and  the  terminal  plates,  no 
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longer  recognisable.  Five  oral  plates,  which  when  they  first  appear 
are  on  the  abactinal  surface,  pass  round  to  the  actinal  as  develop- 
ment proceeds. 

2.  Example  of  the  Echinoidea. 
A  Sea-Urchin. — {Strongylocentrotus  or  Echinus.) 

General  Bzternal  Features. — The  Sea-urchin  (Figs.  293  and 
294)  is  globular  in  shape,  but  somewhat  compressed  in  one  direc- 
tion, so  that  two  poles  are  distinctly  recognisable.  At  one  of  these 
the  degree  of  flattening  is  greater  than  at  the  other ;  this  is  the 
oral  pole,  the  opposite  pole  being  termed  the  anal  or  ahoral.  At 
the  oral  pole  is  a  rounded  aperture,  the  mouth,  through  which  may 
be  seen  projecting  five  hard  white  points,  the  extremities  of  the 
teeth.  Surrounding  the  mouth  is  a  thin  soft  membrane  known  as 
the  peristome  or  pcristomial  vicmbrane.  At  the  anal  pole  is  a  much 
smaller  aperture,  the  anuSy  the  space  immediately  surrounding 
which  is  termed  the  periproct. 

The  entire  surface,  with  the  exception  of  the  peristome  and 
periproct,  is  bristling  with  spines — cylindrical,  pointed,  solid  ap- 
pendages, the  surface  of  which  is  longitudinally  fluted.  These  are 
movably  articulated  with  the  body  so  that  they  may  be  turned 
about  in  all  directions.  When  one  of  them  is  removed  (see  Fig. 
309,  p.  389),  it  is  found  that  the  joint  is  of  the  character  of  a  ball 
and  socket,  a  concavity  on  the  base  of  the  spine  fitting  over  a 
hemispherical  elevation  of  the  surface  of  the  Sea-urchin,  and  the 
spine  being  retained  in  place  and  caused  to  move  by  means  of  a 
capsule  of  muscular  fibres  enclosing  the  joint.  Around  the  bases 
of  the  large  spines  are  a  number  of  very  small  spinules.  Here  and 
there  among  the  spines  are  to  be  observed  minute  pedirelhfrice 
(see  Fig.  310,  p.  389),  which  are  comparable  to  the  stalked 
pedicellarife  of  Asterias,  but  have  ea,ch  three  jaws  instead 
of  two,  and  have  a  relatively  long  stalk,  which  is  supported  by  a 
slender  calcareous  rod.  Here  and  there  are  to  be  fuuna  alsu  small 
rounded  bodies  tenned  the  spha:ndm,  which  are  perhaps,  like  the 
jjedicellaria?,  to  be  looked  upon  as  modified  spines :  they  contain 
ganglion-cells  and  are  apparently  organs  of  special  sense,  having 
j)erhaps  the  function  of  detecting  changes  in  the  composition  of 
the  water. 

Projecting  from  the  surface  among  the  spines  all  the  way  from 
the  peristome  to  the  periproct  will  be  observed  five  double  rows  of 
tuhe-feet  (Fig.  293),  which  in  a  living  specimen  will  be  found  to 
be  capable  of  great  extension.  These  are  similar  to  the  tube- 
feet  of  the  Starfish,  and  have  similar  functions  :  the  sucker-like 
extremity  of  each  is  supported  by  a  perforated  sieve-like  plate  of 
calcareous  matter.  Each  double  row  of  tube-feet  <K?cupies  a 
meridional    zone   of    the   surface,   termed    the    amhalacml    area. 
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coiTcsponding  to  the  ambulacra!  groove  of  the  Starfish :  the  inter- 
mediate zones  are  termed  the  inter-amhdacrai  areas.  At  the  oral 
end  of  each  ambulacral  area  on  the  peristome  is  &  pair  of  ap- 
pendages similar  to  tube-feet,  but  without  suckers  and  termed 
tentacles.  Ten  shrub-like  appendages,  the  dermal  hraiichia ,  are 
situated  in  the  peripheral  part  of  the  peristome,  a  pair  opposite 
each  inter-am  bulacral  area. 

When  the  spines  are  removed,  the  body  is  found  to  be  enclosed 
in  a  rigid  globular  shell,  or  corona  {Fig.  294)  as  it  is  termed, 


formed  of  a  system  of  plate-like  ossicles,  the  edges  of  which  fit 
eiccurately  and  firmly  together,  and  the  surfaces  of  which  arc 
ornamented  with  the  rounded  elevations  or  tubercles  for  the  articu- 
lation of  the  spines.  These  plates  are  arranged  in  ten  zones, 
each  consisting  of  two  rows,  running  in  a  meridional  direction 
from  the  edge  of  the  peristome  to  the  neighbourhood  of  the  peri- 
proct.  Of  the  zones  of  plates  there  arc  two  sets,  each  consisting 
of  five,  the  members  of  which  alternate  with  one  another.      In 
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the  case  of  one  of  these  sets  of  tooes — the  amlnilafnil  u»us  or 
ambvlaeml  anas  already  referred  to  (amb) — each  of  the  plates  is 
perforated  towards  its  outer  end  by  two  muiate  pores,  the  ambuiacrtil 


porfs,  for  the  protnision  of  the  tube-foct.  The  other  five  zones, 
the  infer-ambulacml  zonta  or  artas  {int.  amh).  have  the  pliitos  not 
perforated.  At  its  anal  end  each  area,  arnbiilncml  or  inter- 
ambulacral.  ends  in  a  single  oj'ical  plato,  sn  that  the  peripnu't  is 
surrounded  by  a  ring  of  ten  plates, 
the  apiral  si/st<m  of  plat«^  (fig. 
295).  Of  these,  the  five  that  are 
situated  at  the  ends  of  the  am- 
bulacra) areas  are  tennoil  the 
onilar  j'inics  (oe),  owing  to  the  fact 
that  each  of  them  bears  a  nidi- 
mentary  eye:  while  the  five  oppi>- 
site  the  inter-anibiilacni)  ar^'os.  are 
termed  the  tfcnifi'l  }>liitiiHffni).(}:ic\i 
of  them  being  perforatwl  by  an 
opening  which  is  the  apertuix'  of 
one  of  the  five  ffinital  dxcfx, — the 

ducts  of  the  ovaries    or  testes  as  

the  case   may  bo.     One   of  these  {mviT'i.v[itri.c.uiiMt.i' 

genital  plates  {imulr)  has  a  swollen 

and  spongy  a  ppt  am  nee,  which  distinguishes  it  from  the  others; 
this  is  the  mii'frqifnie,  through  which,  jus  in  tho  ciust-  i.f  the 
structuri-  of  the   same  name   in   the  Starfislus,  the  niailivjioric 
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cauul  conimunicates  wilh  the  exterior.  The  two  ambulacral  areas 
between  which  the  madreporite  lies  coostitute  the  biviuvi,  the 
remaining  three  the  tHvium. 

On  the  inner  surface  of  the  shell,  close  to  the  edge  of  the  peri- 
stome, there  project  inwards  five  processes,  the  aui-iclcs  (Fig.  297, 
owr),  one  opposite  each  ambulacral  area.  Within  the  ring  of  auricles 
lies  a  complex  atnicture  termed  Aristotle's  lantern  (Fig.  296). 
This  consists  of  the  tivc  teeth  (k)  the  apices  of  which  are  to  be 
seen  projecting  through  the  mouth,  together  with  a  system  of 
ossicles.  The  teeth  are  long,  curved, and  pointed:  proximal  I  y  each 
is  supported  by  and  partly  embedded  in  a  pyramidal  ossicle,  the 
alveolus  (a),  consisting  of  two  halves  united  by  a  longitudinal  suture. 
Firmly  united  to  the  base  of  the  alveolus  is  a  stout  bar,  the 
«pi})A//SM  (i).     Adjacent  epiphyses  are  in  close  contact  with  one 
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another,  and  running  inwards  from  their  points  of  union  are  five 
radially-directed,  stout  bars,  the  rotula.  (c),  the  inner  ends  of  which 
unite  to  bound  a  circular  aperture  through  which  the  resophagus 
passes.  With  the  inner  end  of  each  rotula  is  movably  articulated 
a  more  slender  bar,  the  radiiis  (d),  which  runs  outwards,  parallel 
with,  and  closely  applied  to,  the  rotula,  to  end  in  a  &ee,  bifurcated 
extremity.  Aristotle's  lantern  as  a  whole  is  in  the  shape  of  a  five- 
sided  pyramid,  at  the  apex  of  which  project  the  five  teeth :  the 
pjTamid  is  hollow,  containing  a  passage  which  is  the  begimiing  of 
the  (esophagus.  The  base  has  the  appearance  of  a  wheel,  the  tyre 
of  which  is  represented  by  the  five  epiphyses,  the  spokes  by  the 
five  rotulfe,  with  the  five  radii  in  close  contact  with  them,  and  the 
hub  by  the  rounded  central  aperture.  Passing  between  the  various 
ossicles  of  the  lantern,  and  from  them  to  the  auricles,  are  systems 
of  muscles  by  means  of  the  contiactions  of  some  of  which  the 
lantern  jus  a  whole  can  be  protruded  or  relrdctcd.  while  the  action 
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of  others  is  to  cause  the  niov-ctueats  of  the  alveoli  bv  which  the 
teeth  are  brought  to  bear  on  the  food. 

Nerroiu  Syitem. — Passing  outwards  through  oach  auricle, 
and  running  along  the  innersurface  of  the  oiirona  opposite  the 
middle  i)f  each  am- 
bulacral  area,  is  a 
miiU'l  «f*-re(Fig.  297, 
mrf.  Hf).  Within  the 
ring  of  auricles  the 
five  i-adial  nerves  are 
connected  with  a 
nervt  -ring{_neri:r)sar- 
rounding  the  mouth. 
At  its  distal  end  each 
radial  inrve  is  con- 
nuctwl  with  the  eife 
(0c\  borne  by  the 
com.'si»n<ling  ocular 
plate.  These  parts 
correspond  to  the  epi- 
dertiutl  nervous  sys- 
tem of  the  Starfish ; 
the  ileep  and  ccelo- 
mic  sx-stenis  are  only 
feebiy  developed. 

Ambnlacral  8ys-  intn-itvi.  im^u  i^ivian,  •uKrrniuuum.i 

tem.  —  Internal     to 

each  ludial  nerve,  and  pursuing  a  corresponding  course,  nms  a 
iiuii'il  <ii)ibu!iiciiil  ressel  (md.  amb).  From  this  are  given  off  on 
each  side  a  series  of  short  branches  to  the  tiiW-feet,  with  each  of 
which  is  connected  one  of  a  series  of  coni]tri.'s.>iod  sacs,  the  ampulla! 
{ninp),  by  two  canals,  one  ]>assing  through  each  of  the  two  pore.s. 
At  their  oral  extremities  the  five  radial  ambnlacral  vessels  unite 
with  a  riiig-res-irl  snrrounding  the  teso]»hagiis.  Appended  to  the 
ring-vessel  are  five  Paluin  rtsklts  (pol.  vfs)  in  the  form  of  small 
niaiiiniilkted  bodies.  A  madrcporie  nnuil  (iiutd.  fan),  oirresponding 
to  that  of  the  Starfish,  but  with  soft  membranous  walls  devoid  oi 
ossicles,  runs  from  the  niadreporite  at  the  sitle  of  the  jK'riproct 
to  the  ring-canal  surrounding  the  mimth. 

Accom(iiinying  the  madreporic  cnntil  is  an  OTOld  gland  {pltj.) 
similar  in  essential  character  to  that  of  the  Starfish  and  having 
.similar  ri'latiims,  except  that  the  connection  with  the  repnxluctive 
organs  has  disappeared  in  the  adult. 

The  enteric  canal  (Fig.  298,  uli)  is  devoid  of  the  radial  ca-ca 
which  it  presi'nts  in  the  Starfish  :  it  is  a  wide,  siift-wallwl  tube, 
which  winds  round  the  interior  of  the  corona  in  its  passage  from 
the  mouth  to  the  anus   held  in  place   by  a  liaiid  of  throads  the 
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iMtenttry,  passing  out  from  it  to  the  inner  aurfaco  of  \\w  shell. 
It  gives  off  a  snort  blind  diverticulum,  the  siphim  (aiph) :  this, 
togethor  with  the  intestine  itself,  probably  acts  aa  an  organ  for  the 
respiration  of  the  ocelomic  fluid. 

The  coBloma  contains  a  fluid  in  which,  as  in  the  Starfish, 
there  are  numerous  corpuscles.  Of  these  there  are  two  kinds, 
(1)  anuebovi.  orpuielcs  (amwboci/tes)  with  long  pseudopodia,  (2)  the- 
vibratile  corpitsdes,  which  clusely  i-esemble  sperms,  having  a  niunded 
head  and  a  slender  vibratile  tail :  the  latter  aid  in  bringing  about 
a  constant  circulation  of  the  ccelomic  fluid. 

The  part  of  the  «Elorae  in  front  of  Aristotle's  lantern  is  com- 
pletely cut  off  from  the  rest  by  the  arrangement  of  the  membrane 
enclosing  the  lantern, 
and  the  function  of 
the  branchiie  on  the 
peristome  isevidently 
the  oxygenation  of 
the  aelomic  fluid  en- 
closed in  thif  com- 
partment, 

A  blood-vaflcular 
sj-steni  in  mI.-m  pre- 
sent, and  has  an 
arrangement  corre- 
spondins  to  that  al- 
ready uescribed  in 
the  case  of  the  Star- 
fish,with  the  additioir 
of  two  large  intes- 
tinal vesfi'/ls  (FigB. 
297  and  ^ilH,  (■»(/.  (Y»). 
The  reproductive 
organs  consist  of 
five  masses  of  minute  raunded  follicles  (Fig.  '2'-<>^,  if)  sitnati-d  in 
the  anal  portion  of  the  shell,  and  each  comnuinii-atiiii,' wilh  the 
exterior  by  its  duct,  which  perforates  the  coiTesjH.nding  genital 
plate.  The  sexes  are  distinct;  na  in  the  Starfi.'jh,  there  is  little' 
difference  to  be  observed  between  the  ovaries  of  the  female  and 
the  testes  of  the  male  until  we  come  to  examine  their  micmscopic 
structure.  The  genital  mehidi'-  whifh  in  the  Starfish  connect 
the  gonads  with  the  genital  Ntnlmi  (uvnid  gland)  are,  as  already 
noticed,  aborted  in  the  a<.lult.  S<a-l'rchijt. 

The  early  stages  in  the  development  of  the  Sea-t.'rchin  are 
very  similar  to  the  corresponding  stages  in  the  development 
of  the  Starfish  described  on  page  359.  The  bilateral  larva 
of  the  Sea-Urchin,  which  is  termed  a  Pluttvs,  is  providetl  with 
a  number  of  elongated  arms  tir  processes  suppnrteil   by  delicate 


at.  OAjphngiui  \    vr.  f.  r.  oral   rin^-reiBol    of  t 
vuBabr  a^ttata :   nv.  onrj ;    nei.  -     - 
(Stem  Leuoknrt.  putly  »(lw  CutIbf. 


A 


IX  PHYLUM  ECHINODERMATA  ae» 

calcareous  rods.  A  metamorphosis,  in  which  the  bilateral  larva 
becomes  converted  into  the  radial  adult,  takes  place  as  in 
the  Starfish. 


3.  Example  of  the  Holothuroidea. 
A  Sea-Cucumber. — Cucumaria  or  Colockirus. 

Oheneral  External  Features. — The  body  (Fig.  209)  is  elon- 
gated, in  shape  not  unlike  a  miniature  cucumber,  somewhat 
irregularly  five- sided,  with  an 
opening  at  each  end.  One 
end  is  somewhat  thicker 
than  the  other,  and  the  open- 
ing at  this  thicker  (oral  or 
anterior)  end  is  the  mouth, 
that  at  the  opposite  (aboral 
or  posterior)  end  is  the  aniis. 
The  body  is  five-sided,  and 
along  each  side  there  extends 
a  double  row  of  tube-fed.  In 
Colochirus  there  is  a  very 
distinct  verUral  surface,  into 
which  three  of  the  five  sides 
enter,  distinguished  by  the 
absence  of  the  rows  of  tuber- 
cles that  occur  on  the  dorsal 
portion  of  the  surface,  and 
b^  the  presence  of  three  dis- 
tmct  bands  of  tube- feet. 
This  ventral  part  of  the  body 
with  its  thRt;  ambulacra! 
areas  is  the  equivalent  of  the 
tiivium  of  the  starfish,  the 
rest  representing  the  Hviuiti. 
On  the  diin*al  surface  instead 
of  tj-pical  tubt-fi-ct  thert;  art-  ^*'*"'"*' '"" '•'"'>"'»■> 

papilla-   devoid    of    sucking 

extremities,  and  similar  appendages  tiike  the  jdace  of  tiibe-fi'et  at 
the  ends  of  the  three  ventral  bauds.  In  (.'ucumaria  thi-  vtiiiral 
surfiice  is  less  distinctly  defined,  but  its  {xisition  i.s  always  to  be 
deterniinwl  by  reference  to  the  tentacles  {vii/c  w/r") ;  there  are  no 
papillii'.  The  ventral  surface  is,  it  is  to  bo  nttticfil,}"! mll'-l  with 
the  axis  joining  mouth  and  anus,  nut  at  right  angles  with  it  as  in 
the  Starfish  and  Si'ii-urchin,  and  the  IiikIv  is.  when  compariii  with 
theirs,  gn'atty<lniwn  out  in  the  direction  of  the  line  joining  mouth 
and  anus. 

vol.  I  II  B 


.— Onciuii&Tlm  vlBDCI. 
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There  are  no  definite  calcareous  plates ;  but  the  integument  is 
tolerably  hard,  owing  to  the  presence  in  its  substance  of  innumer- 
able microscopic  calcareous  spicules^  very  variable  in  shape  in 
diflFerent  species  of  Cucumaria,  and  in  Colochirus  having  the  form 
of  sieve-like  or  lattice-like  plates,  some  of  which  ai'e  to  be  found 
even  in  the  walls  of  the  tube-feet.  The  tube-feet  are,  like  those 
of  the  Starfish,  used  in  locomotion,  progression  being  effected  by 
creeping  with  the  ventral  surface  applied  to  the  ground.  In  a 
Sea-cucumber  living  undisturbed  under  natural  conditions  there 
will  be  found  protruded  through  the  mouth  a  circlet  of  ten 
tentadeSy  which  are  to  be  looked  upon  as  greatly  developed  and 
specially  modified  tube-feet.  These  are  tree-like  in  shape — a 
central  stem  giving  oflF  a  number  of  short  branches,  which  may  in 
turn  be  bi-anched — and  they  are  highly  sensitive  and  contractile. 
Two  of  these  tentacles  will  be  observed  to  correspond  to  each  of 
the  ambulacral  areas.  The  pair  situated  opposite  the  middle 
ambulacral  area  of  the  ventral  surface  are  ver^'  much  smaller  than 
the  others,  and  will  be  obsei'ved  to  perform  the  special  function  of 
pushing  the  food-particles  into  the  mouth.  All  the  tentacles  are 
drawn  completely  back  within  the  mouth  when  the  animal  is 
disturbed. 

Structure  of  Body-wall. — When  the  wall  of  the  body  is 
divided,  it  is  found  to  consist,  in  addition  to  the  hardened  integu- 
vientary  layer,  of  two  layers  of  muscle  in  addition  to  a  thin  layer 
of  cells,  the  peritoneum  or  cmlomic  epithdiumy  lining  the  coelome. 
The  outer  layer  of  muscle  is  a  complete,  continuous  layer  of 
muscular  fibres  which  have  a  circular  arrangement,  i.e,  are 
arranged  in  a  ring-like  manner  around  the  long  axis  of  the  body ; 
while  the  inner  layer  is  not  continuous,  consisting,  in  fact,  merely 
of  five  flattened  bands  which  run  longitudinally  from  the  oral  to 
the  anal  extremities,  each  underlying  one  of  the  ambulacral  areas. 
In  close  contact  with  each  of  these  bands,  on  its  inner  surface, 
runs  a  radial  amhuhicral  vessel  (Fig  300,  rad,  amh.)  together  with  a 
radial  nen'e. 

Ambulacral  System. — Just  behind  the  bases  of  the  tentacles, 
and  surrounding  the  beginning  of  the  oesophagus  is  a  circular 
ambulacral  vessel  {ring,  vcs.)  which  gives  off  the  five  radial  vessels ; 
these  first  run  forwards  and  give  off  bmnches  to  the  tentacles, 
and  then  run  backwards,  passing  along  the  ambulacral  areas  and 
giving  off  branches  to  the  tube- feet,  each  of  which  is  provided 
with  its  ampulla.  From  the  ring- vessel  is  also  given  oflF  a  large 
pear-shaped  Potion  vesicle  {pol.  ves.),  and  a  short  sinuous  canal,  the 
madreporic  canal  (mad.  m??.),  which  ends  in  a  j)erforated  extremity, 
not  situated,  like  the  madreporite  of  the  Starfish  or  the  Sea-urchin, 
on  the  outer  surface  of  the  body,  but  in  the  interior  of  the  coelome. 

A  nerve-ring  surrounds  the  mouth  and  gives  oflF  the  five  radial 
7%erves.     A  vascular  ring  (ri.  hi.  irs.)  lies  close  to  the  nerve-ring 
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and  sends  off  five  radial  vessels,  as  well  as  dor&il  aud  ventral  vessels 
{int.  ees.)  accompanying  the  enteric  canal,  and  a  plexus  suiTounding 
the  left  Tespiratory  tree. 


\a,  au),— Inlunia]  uncMu  d(  ■  HolothnrlKii  t, 
■Dkldhof  HiiduKulsarfiim:  (>.  ir.  tunly-nU  ; 

d.  »J>,  ckMoU  opcDluic  with  Htv  (wtb;  eur.  anj.  >.u>ieno  aivuui  tR*. 
ffCM.  du.  gBullM  dudt ;  ffn.  gt.  jfonllal  fluid ;  imt.  iDteitlnfl :  inltr.  oat. 
cknl  <iU.  >H,  lutHtlud  vHHb ;  IfU.  utM.  IntioltudliHlbwidof  muKl< 
aula:  tu*.  ucHiili;:  rwl.  m.  Pdlw  Tgaldvi  mif.  bi»Ii.  ndlia  tin 


the body-waU  li  dlTldadali... 
4rOUlAT  ]*J9T  of  dhuidW  :  Cf.  ClwH . 
R«DlU]  ■pcftun : 


The  otslome  contains  a  fluid  in  which  float  numerous  amtsbo- 
^'tes  similar  to  those  of  the  Starfish,  and  also  a  number  of 
flattened  nucleated  corpuscles  containing  a  red  colouring  matter 
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— haemoglobin — almost  identical  with  that  which  gives  the  red 
colour  to  the  blood  of  the  higher  animals. 

The  enteric  canal  is,  as  already  mentioned,  surrounded  at 
its  oral  extremity  by  the  circlet  of  tetttacles,  and  within  these,  when 
they  are  fully  exserted,  is  a  narrow  peristome  with  the  mouth  in 
the  centre.  When  the  tentacles  are  retracted  the  peristome  be- 
comes inverted,  so  that  peristome  and  tentacles  become  enclosed 
within  a  chamber,  the  buccal  chamber,  into  which  the  mouth  leads. 
Surrounding  the  ossophrigus,  which  lies  immediately  behind  the 
buccal  chamber,  is  a  circlet  of  ten  circum-cesophageal  ossicles,  five 
ambulacral  {rad,  oss.)  in  position,  and  five  inter-ambulacral  {inter. 
OSS.),  Through  each  of  the  former  pass  the  corresponding  radial 
ambulacral  vessel,  blood-vessel,  and  nerve.  The  alimentary  canal 
itself  is  a  simple  cylindrical  tube,  only  indistinctly  marked  out 
into  oesophagus,  stomach  (stom.),  and  intestine.  It  forms  several 
coils  within  the  coelome,  to  the  wall  of  which  it  is  attached  by  a 
thin  membranous  dorsal  mesentery,  and  terminates  behind  in  a 
comparatively  wide  chamber,  the  cloaca  (c/.). 

Opening  into  the  cloaca  is  a  pair  of  remarkable  organs  of 
doubtful  function,  the  so-called  respiratory  trees  (resp.).  Each  of 
these,  beginning  behind  in  a  single  tubular  stem,  becomes  elabo- 
rately branched  in  front,  some  of  the  branches  reaching  nearly  to 
the  anterior  end  of  the  body-cavity.  Each  of  the  terminal  branches 
ends  in  a  ciliated  funnel  opening  into  the  coelome.  Besides  having 
to  do,  most  probably,  with  the  respiration  of  the  coelomic  fluid 
and  with  the  excretion  of  waste-matters,  these  organs  also  have  a 
hydrostatic  function ;  it  is  through  them  that,  when  the  tentacles 
are  withdrawn,  the  overplus  of  fluid  which  would  impede  the 
process  is  got  rid  of,  and  through  them,  in  like  manner,  that  the 
quantity  is  again  increased  when  the  tentacles  are  protruded 
again. 

Reproductive  Organs. — The  Sea-cucumber,  like  the  Starfish 
and  Sea-urchin,  has  the  sexes  separate.  Ovariea  and  testes  {gen.gl.) 
are  very  like  one  another,  and  consist  of  bunches  of  tubular 
follicles,  which  communicate  with  the  exterior  by  moans  of  a  duct 
opening  on  the  dorsal  surface  some  little  distance  behind  the  oral 
end. 

The  early  stages  of  development  are  very  similar  to  those  of  the 
Starfish  (p.  358).  The  bilateral  larva,  however, assumes  a  shape 
somewhat  different  from  the  Bipinnaria  of  the  Starfish,  and  is 
termed   the   Auricula ria  (Fig.  315):    it  has  a  number  of  short 

f)rocesses   developed   in    the  coui-se  of  the  ciliated  bands.     The 
arval  mouth  and  oesophagus,  instead  of  being  abolished  as  in  the 
Bipinnaria,  persist  to  the  adult  condition. 
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4.  Type  of  the  Crinoidea. 

A  Feather-Star, — Anted&n  rosaaa. 

Oenerol  Sxtemal  Feature!. — In  the  Feather-star  (Fig.  301), 
as  iD  the  Starfish,  there  are  to  be  recognised  a  central  disc  and  a 
iSeries  of  five  radiating  arms.  In  the  natural  poaition  of  the  animal 
the  side  of  the  disc  which  corresponds  to  the  ventral  or  actinal 
surface  of  the  Starfish  is  directed  upwards,  and  the  dorsal  or 
abactinal  surface  downwards.  The  five  arms  are  bifurcated  at 
their  bases ;  they  are  feather-like,  and  highly  flexible ;  they  act  as 
the  locomotive  organs  of  the  animal,  their  alternate  flexions  and 


extensions  resulting  in  a  slow 


ement  through  the  water.     On 


(Fivm  Ltfiivkjut  and  NitMcho'a  XHigruit.) 


the  dorsal  side  of  the  disc  are  whorls  of  slender  cur\ed  cylindrical 
appendages,  the  dorsal  ciitI.  by  means  of  which  the  feather-star  is 
enabled  to  anchor  itself  temporarily  to  a  rock  or  a  soa-weed. 

On  the  ventral  side  of  the  disc  the  bi>dy-wnll  is  soft  and  flexible ; 
containing  only  scattered  irregular  spicules  of  calcareous  matter, 
and  in  the  centre  of  this  surface  is  an  o}>ening,  the  mouth  (Fig. 
302,  mo.).  From  the  mouth  five  verv  narrow  grooves,  the  ambulacral 
grooves,  radiate  outwards  towards  the  buses  of  the  anus,  near  which 
they  bifurcate,  so  that  ten  grooves  are  formwl,  one  )>assing  along 
the  ventral  surface  of  each  of  the  ten  ami-bmnches  to  its  extremity. 
The  anul  oprnini/  (««.)  is  likewise  ventral,  and  is  situated  on  a 
papitliform  elevation  in  the  inttrsjwtce  between  two  of  the  radi- 
ating canals. 
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The  dorsal  side  of  the  disc  is  occupied  bya  large  flat  pentagonal 
ossicle,  the  ceTUro-dorsal  ossicle}  (Fig.  304,  C,  J))  beariag  on  its 
outer  surface  a  number  of  little  cup-like  depreseionis,  with  which 
the  bases  of  the  cirri  are  connected.  The  cirri  (drr.)  consist  each 
of  a  row  of  slender  ossicles,  covered,  like  all  the  rest  of  the  animal, 
with  epidermis,  and  connected  together  by  meana  of  muscular 
fibres.  Concealed  firom  view  by  the  centro-dorsal  ossicle  is  a  thin 
plate  termed  the  •'  rosette  "  (ros.),  forme<l  by  the  coalescence  of  the 
haaalt  of  the  larva.  At  the  sides  are  five/rs(  radial  (M.')  ossicles, 
also  concealed  by  the  centro-dorsal  ossicles:  with  each  of  these 
articulates  a  sec&itd  radial  (iS.*),  which  is  visible  beyond  the  centro- 
dorsal.  With  each  of  the  second  radials  articulate  two  tfiird 
radials  (11.'),  each 
forming  the  base  of 
the  corresponding 
arm -branch. 

The  ossicles  of 
the  a.itns~irachieUs 
(Br},  Jir.'') — are  ar- 
ranged in  a  single 
row  in  each  ann. 
They  are  somewhat 
elongated  in  the 
direction  of  the  long 
axis  of  the  arm, 
strongly  convex  on 
their  dorsal  sur- 
faces, longitudinally 
grooved  ventrally, 
comiected  Uigether 
by  the  investing 
epidermis,  and  by 
bundles  of  muscular 
fibres,  by  the  contractions  of  which  the  movements  of  the  arms 
arc  brought  about.  Fringing  the  sides  of  each  arm  ai-o  two  rows 
of  side- branches,  or  pinnules,  each  supported  by  its  row  of  con- 
nected ossicles,  and  each  grooved  along  its  ventral  surface. 

The  onlome  contains  numerous  strands  of  connective  tissue 
which  serve  to  suspend  the  various  organs. 

Extending  through  the  arms  and  pinnules  between  the  sup- 
porting ossicles  and  the  ambulacral  grooves  are  three  canals  which 
are  prolongations  of  the  ccelome  (Fig.  303,  ael.  can.).  Two  of  these 
— the  mh-teviacular  canals — form  a  pair  separated  from  one  another 
by  a  median   septum   underl^-ing  the  ambulacral  groove.      The 

'  Thia  lioa  nothing  to  do  with  the  doi-^-eentral  ouicle  refaired  to  aluvs 
Ip.  362)  fts  olie  of  the  prinuiry  apical  plates  o(  the  SUirfiah  :  the  donro-cantt*! 
U  not  represeiileil  id  the  Feather-star. 


I.  802.— AaMdon,  rentntl  (iimier)  n 
(Uk;  nil.  wiul  ».a.  Qimicli.    (Vnim 
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other — the  C(eliac  canal — runs  between  these  and  the  supportine 
ossicles  (OSS.).  The  sub-bentacular  canals  aud  the  celiac  canal 
communicate  with  one  another  at  the  extremity  of  the  anns. 

The  enteric  oanal  begins  with  a  wide  funnel-shaped  oeso- 
phagus leading  to  a  spacious  stomach  having  a  small  cacum  con- 
nected with  it.  Distally  it  becomes  contracted  and  opens  into 
a  wide  intestine,  which  winds  round  the  ccelome,  giving  off  at  ita 
gastric  end  a  number  of  small  ciecal  diverticula,  and  becoming 
narrower  where  it  passes  upwards  to  open  on  the  exterior,  the 
terminal  part,  or  rectum,  projecting  as  a  tubular  papilla  on  the 
sur^e.  In  the  living  animal  the  rectal  tube  is  obsened  to 
undergo  frequent  movements  of  contraction  and  dilatation  by 
means  of  which  water  is 
drawn  into  aud  expelled  from 
the  intestine,  so  that  here,  as 
in  the  Sea-urchin,  there 
would  appear  to  be  a  process 
of  intestinal  respiration. 

The  ambulacral  syatflm 
consists  of  a  nng-vessel  sur- 
rounding the  mouth,  and  a 
series  of  radvil  vessels  (Fig. 
303,  rod.  (imb.)  which  run  in 
the  ambulacral  grooves,  giving 
off  bmnches  to  the  pinnules. 
Connected  with  the  radial 
vessels  and  their  branches  are 
a  series  of  minute  tubular 
appendages,  the  so-called  leu' 
tacUs  (Fig.  304,  tent.),  which 
are  homologous  with  the  tube- 
feet  of  the  Star-fishes  aud  Sea- 
urchins,  but  are  devoid  of  ter- 
minal suckers.    These  are  not 

organs  of  locomotion,  they  bear  numerous  sensory  papillae,  aud  are 
therefiire  to  be  looked  upon  as  tactile  orgiins ;  but  they  probably 
also  have  a  respiratory  function.  Connectefl  with  the  ring-vessel 
are  a  number  of  ciliatwl,  brauched.  tubular  diverticula,  the  tmter- 
tubes,  which  are  sus|H-nded  within  the  ctelonie,  and  may  open  freely 
into  it  at  their  extremities,  A  large  number  of  vessels  with 
minute  ciliatwl  openings— the  imter-pores(Hnt.  p\~\vM\  through 
the  ventral  wall  of  the  disc :  these  and  the  ciliated  tulxs  are  to  be 
looke<l  upon  as  together  repR'senting  the  niailR'iKirie  canal  and  its 
openings  in  the  Suu-fish  and  tiea-urehin. 

The  nervoui  lyitem  consists  of  two  perfectly  distinct  parts. 
A  nerve-ring  (cd.  ne.)  surrounds  the  moiith.  and  from  it  are  given 
off  a  series  of  amhd'u-rid  jirctYa— thickenings  of  the  epidermis  of 
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the  ambulatTal  grooves  and  their  offsets — which  extend  throughout 
the  leugth  of  the  aruiH  and  pinnules.  In  the  axis  of  the  support- 
ing ossicles  oC  the  arm  is  an  a.%ial  nerve  {ttx.  eu.),  which  gives  ofl' 
branches  (Fig.  303,  ax.  tk.)  running  through  the  axes  of  the  ossicles 
of  the  pinnules.  The  axial  Tierees  are  connected  internally,  not 
with  the  circum-oral  nerve-ring,  but  with  a  central  body  situated 
below  the  rosette,  in  the  interior  of  the  centro-dorsal  ossicle.  This, 
the  central  etijimle  (Fig.  30i,  cent,  caps),  forms  the  investment  of 
a  body  termed  the  five-diambej'ed  organ  {clMm-b,  org.),  divided  into 
five  parts  by  radial  septa,  and  continuous  with  the  dorsal  end  of 
the  genital  stolon.  Processes  frftm  the  five  angles  of  the  central 
capsule  combine  to  form  a  penlagonal  ring  from  which  ])ass  out- 


.— Asttdon,  Uliignitmiwllc  vlon  uf  ■  nwdlmi  tbtUoI  w 

liiK  thmiiKb  tbD  otilolH  or  the  um :  Jlr,'  Br.'  bncbliil  ou^cIh 
■  -     ^    *       |»u1h  ;   rAatKb.  orjj,  duunboTDd   o 
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vater-patta.    (After 


wards  the  axial  nerves  of  the  arma  The  ambulacral  nerves  wid 
their  central  ring  represent  the  epidermal  nerves  of  the  Starfish ; 
the  axial  nerves  are  represented  in  the  latter  only  by  the  com- 
paratively feebly-developo<l  coeloniic  sj-stom. 

A  blood- vascular  system  is  jiresent,  with  a  circum-oral  ring- 
vessel  givinj;  iiff  i-;i(li:il  \i  ■^M■I^  III  ihe  arms,  and  a  plexus  of  vessels 
surrounding  lln'  n.'-Mi|ih.-igiis,  and  enclosing  the  genital  stolon. 

NnmeriJiiM  bodit^s  turniud  the  sacoull,  the  character  of  which 
has  given  rise  to  much  discussion,  occur  regularly  arranged  along 
the  ambulacral  grooves,  and  also  in  other  parts,  They  are  small 
spherical  bodies  which  become  vividly  coloured  by  means  of 
staining  agents.     They  are  sometimes  su])po.^ied  t"  be  i>arasitic 
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Algae ;  but  the  regularity  of  their  arrangement  is  opposed  to 
such  a  view.  It  has  been  suggested  with  more  appearance  of 
probability  that  they  may  be  masses  of  reserve  matetnaky  stored 
up  for  the  nutrition  of  the  animal. 

The  reproductive  organs — ovames  or  testes,  as  the  case  may 
be — are  lodged  in  the  dilated  bases  of  the  pinnules,  which  become 
considerably  enlarged  as  the  ova  or  sperms  mature,  those  next  to 
the  bases  of  the  arms  alone  remaining  sterile.  When  mature,  the 
sexual  elements  escape  by  means  of  short  ducts.  Elach  eonad 
is  one  of  the  terminal  parts  of  a  system  of  tubes  lined  by  an 
epithelium,  and  extending  from  a  central  part  or  genital  stolon 
{gen,  st)  lodged  in  the  vascular  plexus  that  surrounds  the  oesopha- 
^s  and  connected  dorsally  with  the  chambered  organ,  outwards 
through  the  arms,  the  terminal  portions,  lying  in  the  pinnules, 
becoming  dilated  to  form  the  reproductive  organs,  and  the  cells 
of  their  epithelium  becoming  developed  into  ova  or  spenns,  while 
the  rest  constitute  a  non-fertile  connecting  rachis.  This  system 
is  enclosed  throughout  by  a  plexus  of  blood-vessels. 

Like  the  rest  of  the  Echinodenns,  the  Feather-star  undergoes  a 
metamorphosis  (Fig.  316).  The  larva  is  at  first  oval  and 
-covered  uniformly  with  cilia.  Aft(»rwards  the  cilia  become 
restricted  to  four  transverse  bands  with  a  bunch  of  longer  cilia 
at  one  end ;  the  body  becomes  bent  towards  the  ventral  side, 
ossicles  begin  to  be  formed,  and  the  posterior  extremity  becomes 
drawn  out  into  a  narrow  process  in  which  supporting  ossicles 
soon  appear.  At  the  end  of  this  j)osterior,  or  more  correctly 
dorsal,  j)rocess,  a  terminal  disc  is  formed,  and  by  means  of  this 
the  larva  fixes  itself,  the  process  forming  a  supporting  stalk. 
The  larva  now  assumes  the  form  to  which  the  term  ''pejitacrinoid" 
has  been  applied,  owing  to  the  fact  that,  in  its  most  essential 
features,  it  resembles  the  adult  fonn  of  Pentacrinus,  one  of  the 
stalked  Crinoids  (See  Fig.  814),  with  a  central  disc,  giving  off  five 
bifurcated  anns  with  their  pinnules,  and  supj)orte(l  on  a  mirrow 
stalk  springing  from  the  middle  of  the  dorsal  surftice.  This  fixed 
pentacrinoid  larva  passes  into  the  adult,  free-swinuning  Feather- 
star  by  the  development  of  the  dorsal  cirri,  the  gri'ater  elongiition 
of  the  arms,  and  the  absorption  of  the  stalk,  the  uj)ponnost  ossicle 
of  which  is  represented  in  the  adult  by  the  centro-clorsivl  ossicle. 

5.  Distinctive  Characters  and  Classification. 

The  Echinodennata  are  mdially  symmetrical  animals,  the  nidial 
arrangement  of  whose  parts  imperfectly  conceals  a  more  obscure 
and  more  primitive  bilateral  s}nnmetry.  The  surface  is  covered 
with  an  exoskeleton  of  calcareous  platt's  or  ossicles,  which 
usually  support  a  system  of  movable  or  inunovable  calcareous 
spines.    There  is  a  large  body-cavity  or  ca'lome.and  well-develojxKl 
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alimentary,  nervous,  and  vascular  systems.  A  characteristic 
system  of  vessels,  the  ambulacral  system,  is  connected  with  the 
locomotion  of  the  animal,  as  well  as  with  other  functions:  the 
organs  of  locomotion  are  elastic  and  contractile  tubular  bodies, 
the  tube-feet,  which  are  appendages  of  the  ambulacral  system. 
Nearly  all  the  systems  of  organs  of  the  animal  partake  to  a  greater 
or  less  extent  of  the  general  radial  form  of  the  body.  Kepro- 
duction  is  entirely  sexual.  In  the  course  of  its  development  from 
the  egg  the  Echinoderm  passes  through  a  peculiar  larval  stage, 
in  which  the  s)nnmetry  of  parts  is  bilateral  instead  of  radial  as 
in  the  adult  animal.  AH  the  Ek^hinodermata  are  marine. 
The  Echinodermata  are  classified  as  follows  : — 

CLASS  L— ASTEEOIDEA. 

Free  Echinodenns  with  star-shaped  or  pentagonal  body,  in 
which  a  central  disc  and  usually  five  arms  are  more  or  less  readily 
distinguishable,  the  arms  being  hollow,  and  each  containing  a 
prolongation  of  the  coelome  and  of  the  contained  organs.  There 
are  distinct  dorsal  and  ventral  surfaces,  on  the  former  of  which 
the  anus  and  the  madreporite  are  situated,  and  on  the  latter  the 
mouth  and  five  narrow  ambulacral  grooves  lodging  the  tube-feet. 
The  larva  has  the  form  either  of  a  Bipinnaria  or  of  a  Brachiolaria 
(see  p.  397).     This  class  includes  the  Starfishes. 

Order  1. — Phanerozonia. 

Asteroidea  with  large  marginal  ossicles.  The  dermal  branchiae 
are  present  only  on  the  dorsal  surface.  The  ambulacral  ossicles 
not  closely  crowded.     Pedicellariae  sessile. 

Order  2. — Cryptozonia. 

Asteroidea  with  the  marginal  ossicles  inconspicuous.  Dermal 
branchiae  not  restricted  to  the  dorsal,  but  often  present  on  the 
oral  surface.  Ambulacral  ossicles  crowded  together.  Pedicellariae 
stalked  or  sessile. 

CLASS  II.-OPHIUEOIDEA. 

Star-shaped  free  Echinoderms,  with  a  central  disc  and  five  arms, 
which  are  more  sharply  marked  oflF  from  the  disc  than  in  the 
Asteroidea,  and  which  contain  no  spacious  prolongations  of  the 
coelome.  There  are  distinct  dorsal  and  ventral  surfaces.  The 
anus  is  absent ;  the  mouth,  as  well  as  the  madreporite,  ventral. 
There  are  no  ambulacral  grooves.  The  larva  is  a  Plutctts.  This 
class  includes  the  Sand-stars  and  Brittle-stars. 

Order  1. — Ophiurida. 

Ophiuroidea  in  which  the  arms  are  simple. 

Order  2. — Euryalida. 
Ophiuroidea  in  which  the  arms  are  branched. 
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CLASS  nL— ECHDIOIDBA. 

Free  Echinoderms  with  globular,  heart-shaped,  or  disc-shaptnl 
body  enclosed  in  a  shell  or  corona  of  close-fitting,  fimily  unit-ed 
calcareous  plates.  The  mouth  is  nearly  always  polar ;  the  anus 
usuaUy  at  the  opposite  (aboral)  pole  ;  the  madreporite  is  close  to 
the  latter.  There  are  no  ambulacral  grooves ;  but  the  surfiice  is 
divided  into  alternating  ambulacral  and  inter-ambulacral  zones  or 
areas,  which  usually  run  from  pole  to  pole.  The  lar>'a  is  a  Pluteus. 
This  class  includes  the  Sea-urchins,  with  the  Heart-urchins  and 
Cake-urchins. 

Order  1. — Pal.eo-echinoidea. 

Fossil  Echinoidea  in  which  the  number  of  rows  of  plates  in  the 
corona  is  variable,  and  in  which  the  plates  overlap  one  another. 

Order  2. — Regularia. 

Echinoidea  with  globular  corona  containing  twenty  nioridional 
rows  of  plates.  Mouth  and  anus  polar.  A  lantern  of  Aristotle  is 
present.     This  order  includes  the  Sea-urchins. 

Order  3. — Clypeastridea. 

Echinoidea  with  more  or  less  flattened  corona,  with  the  mouth 
central,  the  anus  excentric.  A  lantern  of  Aristotle  is  present. 
This  order  includes  the  Cake-urchins. 

Order  4. — Spatanooidea. 

Heart-shaped  Echinoidea  with  the  mouth  and  anus  oxoontric. 
No  lantern  of  Aristotle.     This  onler  includes  the  Heart-urchins. 

CLASS  IV.— HOLOTHUBOIDEA. 

Free  Ekihinoderms  with  elongated,  cylindrical  ortive-sidod  body, 
having  the  mouth  and  anus  at  opposite  extR'uiities.  Thr  bcxiy- 
wall  is  usually  only  supported  by  scattered  ossicles  or  spicules. 
There  is  no  external  opening  to  the  madreporic  canal  (except  in 
some  Elasipoiln).  The  surface  usually  exhibits  five  ambulacnil 
areas ;  but  those  may  be  absent.  There  is  a  ciR'k't  of  lar^^o  oral 
tentacles.  The  larva  is  an  Anricidarin.  This  class  includes  the 
Sea-cucumbers  and  Beche-de-mer. 

Order  1. — Elasipoda. 

Holothuroidea  with  well-marked  bilateral  svmnu'trv,  with  tube- 
feet  on  the  ventral  surface  (which  is  flattened)  and  papilhe  <ni  the 
dorsal.     Confined  to  the  deep  sea. 

Order  2. — Pedata. 

Holothuroidea  with  tube-feet  either  in  longitudinal  n»ws  or 
scattered  irregularly  over  the  surface. 
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Order  3. — Apoda. 

Holothuroidea   devoid   of  tube-feet  and   of  radial  ambulacral 

vessels. 

CLASS  v.— CEnrOIDEA. 

Temporarily  or  permanently  stalked  Echinoderms  with  star- 
ijhaped  body,  consisting  of  a  central  disc  and  a  series  of  five 
bifurcate  or  more  complexly  branched  arms,  bordered  with  pin- 
nules. There  are  distinct  dorsal  and  ventral  surfaces ;  the  latter 
bearing  the  mouth  and  anus,  and  the  inner  ends  of  a  series  of 
narrow  ambulacral  grooves.  This  class  comprises  the  Feather- 
stars  and  Sea-lilies. 

Order  1. — Palacocrinoidea. 

Stalked  Crinoidea  in  which  the  disc  is  large  as  compared  with 
the  arms,  a  number  of  inter-radial  plates  being  present  and  often 
united  with  the  disc.  The  ventral  surface  usually  concealed  by  a 
^*  vault "  of  calcareous  plates. 

Extinct,  palaeozoic. 

Order  2. — Neo-Crtnoidea. 

Stalked  or  free  Crinoidea  in  which  the  disc  is  small  as  com- 
pared with  the  arms,  and  in  which  inter-radials,  when  present,  do 
not  combine  with  the  plates  of  the  disc.  There  is  no  "  vault " 
covering  the  ventral  surface. 

Comprising  all  the  living  forms,  together  with  several  extinct 
mesozoic  families. 

CLASS  VI.— CYSTOIDEA. 

Fossil  Echinoderms  with  globular  Ixxly,  sometimes  sessile,  sometimes  stalked, 
enclosed  in  usually  iiTegular,  polygonal  plates.  Mouth  central ;  five  radiating 
ambulacral  grooves.     Paht'ozoic. 

CLASS  VII.— BLASTOIDEA. 

Fossil  Echinodenns  \iith  ovate  stalked  body,  central  mouth,  and  five  ambu- 
lacral areas.     PaUeozoic. 


Systematic  Position  of  the  Examples, 

Asterias  ruheiis  is  a  species  of  the  genus  xisterias,  which,  with 
several  others,  constitutes  the  family  Asteriida:  of  the  order 
Cryptozoiiia.  The  family  Astcnidm  is  characterised  among  the 
families  of  the  C)'yj)tozoimi  by  the  following  distinctive  features : — 
The  ossicles  of  the  dorsal  surface  are  small,  une(jual,  reticulate 
ph\tes,  bearing  isolated  or  grouped  spinelets  (paxilla?).  The  margin 
of  the  actinostome  is  defined  by  the  ambulacral  plates.  The 
pedicellaria:'  are  of  two  forms,  forceps-like  and  scissors-like.     The 
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tube-feet  are  in  four  rows.  Asterias  diflfers  from  the  other  genera 
of  the  family  in  having  well-developed  reticulate  dorsal  ossicles 
bearing  definite  spines. 

The  Sea-urchins  of  which  a  short  description  has  been  given 
are  the  genera  Strongylocentrotus  and  Echinus,  but  the  description 
is  sufficiently  general  to  apply  to  any  member  of  the  family 
Echinidce,  to  which  these  genera,  with  a  number  of  others,  belong. 
The  family  Echinidm  is  one  of  about  five  families  of  the  sub-order 
Ectobranchiata,  the  members  of  which  all  differ  from  the  other 
sub-order — Entobranchiata — of  the  Begulariay  or  regular  Sea- 
urchins,  in  the  possession  of  dermal  branchiae,  and  in  having  the 
auricles  in  the  form  of  complete  arches. 

The  Sea-cucumber  (Cucumuria  or  Colochinis)  is  a  member  of 
the  Stichopodd — one  of  the  families  of  the  sub-order  Demi rochirotm 
of  the  Pedata,  or  foot-bearing  Holothurians.  The  Dciufrochirotce 
differ  from  the  Aspidochirotcc — the  other  sub-order — mainly  in 
having  arborescent  instead  of  shield-shaped  tentacles,  and  the 
Sticho^oda  differ  from  the  rest  of  the  Dendrochirotcc  in  having  the 
tube-feet  arranged  in  five  regular  zones.  The  genus  Cucumaria 
is  distinguished  from  the  rest  by  the  ten  tentacles  with  the  two 
ventral  smaller  than  the  others.  Colochincs  is  closely  allied  to 
Cucumaria,  the  principal  distinction  being  the  presence  in  the 
former  of  papillae  taking  the  place  of  tube-feet  in  certain 
situations  as  already  noted. 

The  Feather  Star  {Aiitedon  romcea)  is  a  member  of  the  family 
Coinatulid<v,  which  is  distinguished  from  the  four  other  living 
families  comprised  in  the  order  Ncocrinoidca,  by  the  absence  of  a 
stalk  in  the  adult  condition. 

6.  General  Organisation. 

General  Form  and  Symmetry. — Like  the  Ccvlenterata,  the 
Ikihinodermata  are  radially  s\Tnmetrical,  the  boily  being  cajiable  of 
division  into  a  series  of  sub-eijual  antimercs  along  a  series  of 
radiating  planes  at  right  angles  to  the  principal  axis.  In  the 
majority  of  existing  forms  (AsU'roidea,  ()phiuroi(iea,  andCrinoidea) 
the  radial  symmetry  is  expressed  in  the  external  form  of  the  body, 
which  is  produc€»d  into  a  nuriiber  of  radially  disj)ose(l  ])arts,  the  arms 
or  rays,  annnged  around  a  smaller  or  larger  cmtnil  disc.  But  in  the 
Elchinoidea  tne  Ixxly  is  sub-spherical,  and  in  the  Holothuroidea 
sub-cylindrical,  the  radiate  arrangement  being  in  these  classes 
mdicated  externally  only  by  the  distribution  of  the  tube-feet,  and 
intemallv  bv  that  of  certain  of  the  systems  of  origans. 

Although,  howevcT,  the  genenil  external  form  and  the  arrange- 
ment of  sonu*  of  the  internal  organs  in  thr  Kchinodermata  indicates 
a  radial  symmetry,  it  is  invariably  found  that  this  mdial  arrange- 
ment .ser\es  to  hide   a   more    primitive    and    more    fundamentiil 
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hUateral  symmetry.  This  is  best  marked  in  the  larva,  which  has 
pronounced  bilateral,  instead  of  radial,  symmetry,  but  is  quite 
recognisable  in  the  adult.  In  all  Echinoderms  there  is,  passing 
through  the  primary  axis,  a  plane — the  median  plane — along 
which,  and  along  which  alone,  the  body  is  capable  of  being  divided 
into  two  equal,  or,  to  speak  more  correctly,  approximately  equal, 
right  and  left,  halves.  The  existence  of  such  a  single  median 
plane  is,  as  already  explained  (p.  348),  indicative  of  the  bilateral 
form  of  symmetry. 

The  body  is  most  usually  five-rayed  (Ophiuroidea,  most  Aste- 
roidea,  Crinoidea),  cylindrical  (most  Holothuroidea)  or  globular 
(most  Echinoidea),  the  surface  in  the  two  last  cases  being  marked 
by  five  bands  or  zones  of  tube-feet,  which  divide  it  into  five 
avibulacral  and  five  inter'ambulacral  areas.  In  the  Ophiuroidea 
and  Asteroidea  two  of  the  rays— ^constituting  the  hivium — have 
between  them  the  madreporite,  marking  the  position  of  the 
madreporic  canal  of  the  ambulacral  system ;  the  remaining  three 
rays  form  the  trivium.  The  median  plane  passes  through  the 
madreporite,  and  thus  midway  between  the  two  rays  of  the 
bivium,  and  bisects  longitudinally  the  middle  ray  of  the  trivium. 
A  corresponding  disposition  of  the  parts  is  traceable  also,  as 
will  be  subsequently  shown,  in  the  cylindrical  and  globular 
Echinoderms. 

In  all  the  Echinodermata  dorsal  or  abactinal  and  ventral  or 
actinal  surfaces  are  more  or  less  distinctly  recognif^ble.  In  the 
Asteroidea,  Ophiuroidea,  and  Echinoidea,  the  ventral  surface  is 
that  in  the  middle  of  which  the  mouth  is  situated,  and  which  is, 
in  the  natural  position  of  the  animal,  directed  downwards  or 
towards  the  surface  to  which  it  is  clinging.  The  opposite  dorsal 
or  abactinal  surface  is,  in  the  majority  of  the  Asteroidea  and 
Echinoidea,  marked  by  the  presence  of  the  anal  aperture :  in  the 
Ophiuroidea  and  some  Asteroidea  the  anus  is  absent,  in  some 
Echinoidea  it  is  situated  on  the  border  between  the  two  surfaces, 
or  even  on  the  oral  surface.  In  the  Crinoidea  the  ventral  surface, 
which  is  habitually  directed  upwards  in  the  natural  position  of  the 
animal,  bears  both  mouth  and  anus,  the  former  central,  the  latter 
eccentric  and  inter-radial.  In  the  fixed  Crinoids  the  dorsal  surface 
has  attached  to  its  centre  the  distal  end  of  the  stalk ;  in  the  free 
forms  it  has  connected  with  it  whorls  of  slender  curved  appen- 
dages, the  do7'sal  cirri,  by  means  of  which  temporary  attachment 
is  effected.  In  the  Holothurians  owing  to  the  elongation  of  the 
body  in  the  direction  of  the  line  joining  mouth  and  anus,  dorsal 
and  ventral  surfaces  corresponding  to  those  of  the  other  classes  are 
not  recognisable ;  but  in  many,  as  for  example  in  Colochirus,  there 
is  a  marked  difference  between  one  surface  which  is  habitually 
directed  upwards,  iand  another  which  is  habitually  directed  down- 
wards :   these  dorsal  and  ventral  surfaces  in  the  Holothurian,  it 
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is  to  be  specially  noticed,  extend  in  the  direction  of  the  axis 
joining  mouth  and  anus,  and  not.  at  right  angles  to  it  as  in  the 
Starfishes  and  Sea-urchins. 

In  considering  the  general  external  form  in  the  various  classes 
of  Echinoderms,  we  have  to  take  into  account  the  arrangement  of 
the  ivbe-feet — the  organs  of  locomotion — as  these  have  important 
relations  to  the  other  parts,  and  to  the  whole  plan  of  organisation 
of  the  animal.  These  organs,  as  previously  explained,  are  tubular 
appendages  with  highly  elastic  and  contractile  muscular  walls, 
capable  of  being  stretched  out  so  as  to  extend  a  long  way  from  the 
surface  of  the  body.  In  the  majority  of  cases  the  tube-foot  has  at 
its  extremity  a  sucking-disc,  by  means  of  which  it  can  be  attached  ; 
in  a  few,  however,  this  sucking-disc  is  absent. 

The  entire  surface  is  covered  with  a  ciliated  epidermis.  In  the 
subjacent  dermal  layers  there  are  always  present  calcareous  bodies 
or  ossicles,  varying  very  greatly  in  form  and  arrangement  in  the 
different  groups.  Movable  or  immovable  calcareous  spines  or 
tubercles  projecting  on  the  surfece  are  very  general.  Peculiarly 
modified  spmes,  termed  pedicellai'ice,  are  commonly,  though  not 
universally,  present  in  certain  parts  in  the  Ek^hinoidea  and 
Asteroidea.  A  pedicellaria  consists  in  essence  of  two  or  three 
calcareous  jaw-like  pieces  or  valves,  movably  articulated  together, 
and  capable  of  being  separated  or  approximated  by  the  con- 
traction of  bundles  of  muscular  fibres.  Sometimes  there  is  a  long 
stalk ;  sometimes  (as  in  the  case  of  Anthenea,  p.  357)  a  stalk  is 
absent.  During  life  the  jaws  or  valves  keep  opening  and  closing. 
That  such  specialised  structures  have  some  important  function  to 
perform  there  can  be  no  doubt,  but  there  is  some  uncertainty  as 
to  what  their  special  purpose  is.  According  to  some  observers, 
the  pedicellariae  of  the  Sea-urchin  have  been  seen  passing  from 
one  to  another  the  particles  of  foecal  matter  discharged  from  the 
anus,  and  their  function  would  thus  appear  to  be  a  cleansing  one. 
On  the  other  hand,  it  is  stated  that  when  a  Sea-urchin  is  attacked 
the  spines  may  be  bent  aside  from  the  assailed  portion  of  the 
surface,  so  as  to  allow  of  the  pedicellariae  being  brought  to  bear  as 
defensive  weapons  on  the  assailant,  and  from  these  and  other 
observations  that  have  been  recorded,  both  on  Asteroids  and  on 
Echinoids,  it  is  concluded  that  the  main  function  of  these  append- 
ages is  to  act  as  defensive  organs.  Pedicellaria?  are  absent  in  the 
Ophiiiroids,  but  in  the  Euryalida  there  are  peculiar  hook-like 
organs  of  adhesion,  most  abundant  on  the  ventral  surface  and 
towards  the  extremities  of  the  anus.  The  splifcridia,  which  have 
already  been  referred  to  as  occuring  in  the  Swi-urchin,  are  only 
doubtfully  to  be  regarded  as  modified  spines ;  they  are  confined 
to  the  Echinoidea.  Also  confined  to  that  class  are  the  clavulce — 
slender  spines  covered  with  strong  cilia,  which  occur  in  bands  on 
the  surface  of  the  Spatangoids.     Larger  spines  resembling  the 
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claviilfe  in  being  covered  with  strong  cilia,  occur  also  in  the- 
Clypeastroids  and  some  Asteroids.  The  currents  produced  by  the 
action  of  their  cilia  serve  to  keep  constantly  renewed  the  water 
in  the  neighbourhood  of  the  anus  and  of  the  branchiae. 

There  are  two  principal  Bystems  of  plates  to  be  recognised,, 
an  oi'al  and  an  apical ;  the  former  corresponding  with  the  oral  or 
actinal,  and  the  latter  with  the  aboral  or  abactinal  surface.  The 
former  vary  considerably  in  the  different  classes:  the  constant 
elements  are  five  orals,  which  may  or  may  not  be  recognisable  in 
the  adult.  The  apical  system  consists  (1)  of  a  doi^so-central  plate  ;. 
(2)  of  five  hasals  which  are  inter-radial  in  position ;  (3)  of  five 
radial%  which  are  radial  in  position.  In  the  Asteroidea  (Fig.  292). 
the  radials  are  late  in  making  their  appearance ;  before  they  are 
developed  five  terminal  plates  have  become  distinct,  one  at  the 
end  of  each  rudimentary  arm  ;  these  become  carried  outwards  by 
the  extension  of  the  arm,  and  each  supports  the  corresponding 
tentacle.  As  a  rule  these  plates  of  the  apical  system  are  only 
distinct  in  the  young  condition.  In  the  Ophiuroidea  the  arrange- 
ment resembles  that  obser\'able  in  the  Asteroidea.  In  the  Echi- 
noidea  (Fig.  295)  the  basals  (genitals)  are  perforated  by  the  ducts 
of  the  reproductive  glands ;  the  radials  (oculars)  are  perfoi*ated  for 
the  eye  and  tentacle :  the  dorso-central  (aTial)  rarely  persists  as  a 
single  plate  in  the  adult,  usually  becoming  broken  up  into  a  series 
of  irregular  plates.  In  the  stalked  Crinoidea  the  tenn  dorso- 
central  has  been  applied  to  a  plate  which  is  transformed  into  the 
disc  of  attachment  at  the  base  of  the  stalk,  but  the  correspondence 
between  this  and  the  similarly  named  plate  in  the  other  classes 
is  very  doubtful ;  the  ossicles  of  the  stalk  intervene  between- 
it  find  the  basals.  In  the  free  fonns  the  uppermost  segment 
of  the  larval  stalk  is  transformed  into  a  cent ro-dcrr sal  plate,  and  the 
basals  nearly  always  unite  into  a  rosette  plate,  which  is  concealed 
from  view  by  the  centro-dorsal  and  the  radials.  The  apical  system 
of  plates  is  apparently  not  represented  in  the  Holothuroidea. 

Modifications  of  Form  in  the  Five  Classes. — The  general 
shape  in  the  Asteroidea  is,  as  already  pointed  out,  that  of  a  star. 
There  is  a  central  part,  or  central  disc,  from  which  proceed  a  series 
of  radially  disposed  arjns  or  rai/s.  The  central  disc  and  the  rays 
are  usually  compressed  dorso-ventrally,  as  in  Anthenea  and 
Asterina,  but  in  some  Starfishes  the  rays  arc  approximately 
cylindrical  ;  they  nearly  always  taper  distal ly.  In  the  majority  of 
Starfishes,  as  in  the  examples  described,  the  arms  are  five  in  num- 
ber, except  in  malformed  individuals  ;  but  in  some  they  are  six,  in 
others  seven,  eight,  or  more.  The  proportions  borne  by  the  arms 
to  the  centi-al  disc  are  subject  to  considerable  variation.  In  some, 
as  in  Asterias,  the  arms  are  long  and  the  central  disc  «appears  as 
litth'  more  than  their  point  of  union :  in  others,  agjiin,  the  whole 
Starfish  has  the  form  of  a  five-sided  disc,  in  which  the  anus  are 
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represented  only  by  the  five  angles;  while  between  these  two 
extremes  there  are  numerous  intermediate  gradations.  The 
Brisinffido'  differ  trom  all  the  rest  of  the  class  in  having  the  arms 
almost  as  sharply  separated  off  from  the  central  disc  as  in  the 
Ophiuroids. 

The  dorsal  or  aboral,  and  the  vtntraX  or  mtU  surlaces  are  always 
distinctly  marked  off  from  one  another.  In  the  middle  of  the 
latter  is  the  mouth,  running  out  from  which  are  five  or  more 
narrow  anibulacral  grooves,  one  of  which  is  continued  along  the 
ventral  surface  of  each  arm  to  its  extremity.  Near  to,  but  not 
quite  in,  the  middle  point  of  the  dorsal  sur&ce  is  the  anal 
aperture,  absent  in  a  few 
instances;  and  on  the 
same  surface,  nearer  the 
margin,  between  the  two 
rays  of  the  hivium  in  the 
five -ray  I'd  Starfishes,  is 
the  madreporUe,  a  finely 
grooved  calcareous  plate 
perforated  by  a  number  of 
minutt^  apertures.  In  some 
fossil  Starfishes  it  is  situ- 
ated on  the  ventral  sur- 
face. Sometimes  instead 
of  one  tiiadreporite  there 
are  several. 

The  wall  of  the  body 
in  the  Starfishes  contains 
a  number  of  calcareous 
ossiclei,  movably  articu- 
lated together  and  con- 
nected by  bands  of  muscle, 
so  that,  though  the  body 
is  firm,  and  in  the  dried 
condition  often  (juite  rigid,  the  arms  are  capable  during  life  of 
slow  movements  of  flexion  and  extension,  cnubling  the  animal  to 
creep  through  com|»ratively  small  fissures  and  crannies.  A 
special  system  of  ossicles — the  ami/ulao-al  ossicles — are  arranged 
in  a  double  row  along  each  ambulacral  griMJvo,  the  ossicles  of  the 
two  rows  articulating  movably  with  one  another  at  the  apex  of 
the  groove.  At  the  end  of  the  arm  the  two  rows  of  ambulacral 
ossicles  end  in  a  Urminai  ossicle  which  supports  the  unpaired 
tentacle.  Sphm  are  invariably  present,  but  are  sometimes  con- 
fined to  the  margins  of  the  smbulacml  grooves,  in  which  position 
they  are  movably  articulated  with  the  imderlying  ossicles. 
Tuhtrdes  take  the  place  of  spines  over  most  of  the  surface  in 
many  forms.     In  Adroptcten  the  ossicles  of  the   dorsal  surface 

vol..  1  c  c 


take  the  special  form  to  which  the  term  pa^illtr  is  applied.  Each 
paxilla  is  a  plate  which  is  produced  into  a  short  rod,  divided  at  its 
extremity  into  a  number  of  radiating  processes. 

The  tube-feet  are  arranged  in  a  double  row  along  each  of  the 
ambulacral  grooves,  each  connected  through  an  apertiire  between 
the  ambulacral  ossicles  with  an  ampulla,  or,  exceptionally,  with 
two,  situated  in  the  ccelome.  Each  double  row  of  tube-feet 
terminates  at  the  extremity  of  the  arm  in  an  unpaired  appendage, 
the  tentacle,  which  is  tactile  and  olfactory,  and  not  locomotive,  in 


function.   The  tube-feet  are  provided  (except  in  Astropecten)  with 
terminal  suckers. 

In  the  0]}hiuroidea  (Fig.  306)  the  cenfral  disc  is  much  more 
sharply  marked  off  from  the  arms  than  in  the  Asteroidca.  The 
arms,  which  are  five  in  number,  are  comparatively  slender, 
cylindrical,  tapering  towards  the  free  extremities;  in  one  group, 
the  EiiryalMa  (Fig.  307),  they  are  branched.  The  mouth  is  in  the 
middle  of  the  ventral  surface  of  the  disc,  as  in  the  Asteroidea,  but 
there  are  no  ambulacral  grooves  and  there  is  no  anal  aperture. 
Five  pairs  of  slits  on  the  oral  surface  (Fig.  306,  C)  lead  into  the 
genital  sacs,  which  receive  the  spcnns  and  ova  from  the  gonads, 
and  which  appear  also  to  act  as  organs  of  respiiation  and  perhaps 
also  of  excretion.     The   surface  is  covered  with  thin   plate  like 
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ossicles,  iisnally  beset  aloDg  their  edges  with  longer  or  shorter 
spines;  sometimes  irregular  calcareous  granules  take  the  place 
of  plates.  Hook-like  organs  of  adhesion  are  present  only  in  the 
EuTifttlUla.  Each  of  the  arms  is  supported  by  a  row  of  internally 
situated  ominiUtcnil  ossicles.  Tube-feet  are  present  and  are  pro- 
truded at  the  sides  of  the  arms  between  the  lateral  plate-like 
ossicles ;  but  they  have  no  sucking-discs  and  no  ampullie,  and 
locomotion  is  effected  in  the  majority  of  the  Ophiuroids  by  active 
flexiims  and  extensions  of  the  arms.     In  one  g^nuH  there  is  a  ]iair 


— Astropbjton  arborcBcena, 


Ludwl^.l 


of  fin-like  appendages,  sujiiHint-d  by  slender  spines,  on  each  joint 
of  the  anns.  The  madreporile  is  situated  inter- radially  on  the 
wntriil  surface,  and  not  on  the  dorsal  as  in  the  Astcroidea.  In 
the  Euryalida  there  are  five  madroporites  and  live  madreporic 
canals. 

In  the  Eehiuoidea  the  body  is  either  globular  or  heart-shaped, 
or  flattened  and  disc-like ;  dorsal  and  ventral  surfaces  are  always 
distinctly  recognisable.  The  txoakehtiyn.  is  in  the  form  of  a  rigidly 
articulatt-rl  system  of  oalcaivoiis  plates,  fitting  in  closely  together 

c  c  2 


by  siilures  so  as  to  form  fi  continuous  shell  or  cor&ita.   Asihenoioma,  1 
a  deop-sea  genus,  differs  from  nil  the   rest  in  having  a  corona 
possessinp  a  certain  degree  of  flexibility,  and  performing  move- 
ments   which   are   brought   about   by   the   contractions  of    five  ' 
longitudinal  bands  of  muscle  running  along  the  ambulacral  areas 
ou  the  inner  surface. 

In  the  globular  forms,  or  regular  Sea-urchins,  the  mouth  is  situ- 
ated at  the  ventral  pole  of  the  globe,  the  anus  at  the  dorsal,  and  J 


the  plates  of  the  corona  are  in  twenty  regular  meridional  rows;  | 
arranged  in  ten  zones,  five  ambulacral  and  five  inter-am bulacral,  I 
as  described  in  the  account  of  Echinus,  with  peristome,  periproct,  \ 
ucular  and  genital  plates,  and  madreporite.  Spines  (Fig.  309),  I 
pedmliariiB  {Fig.  310),  and  sphaHdUi  are  present,  as  alreadj  A 
described  (p.  363),  the  last-named  appendages,  however,  bein^  j 
absent  in  one  group.  The  spines  are  usually  defensive  oi^ans  * 
simply,  but  in  some  Sea-urchinn  they  act  also  as  the  locomotive  I 
organs,  the  animal  mo\ing  by  their  agency  along  the  sea-botilom. 
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The  tube-feet,  which  are  arranged  in  a  double  row  in  each 
amhulacral  zone,  are  extremely  extensible,  and  terminate  in  suck- 
ing-rMmbranea  strengthened  by  a  calcareous  rosette.  An  unpaired 
tentacle,  corresponding  to  those  of  the  Asteroidea,  is  supported  on 
each  of  the  ocular  plates  at  the  ends  of 
the  ambulacra!  zones.  Two  tube-feet  in 
each  double  row,  situated  on  the  peristome, 
are  likewise  of  the  nature  of  tentacles, 
being  devoid  of  sucking-membranes.  Cor- 
responding to  the  dermal  branchicc  of  the 
Asteroidea  are,  in  the  majority,  five  pairs 
of  branched  hollow  appendages  surrounding 
the  peristome. 

Surrounding  the  mouth  are  five  teeth, 
supported  by  an  elaborate  system  of  ossicle.^ 
{AriMotle's  lantern,  see  p.  366),  and  a  ring 
of  processes,  the  auricles,  from  the  interior 
of  the  corona  surrounds  this  and  gives 
attachment  to  some  of  the  muscles  by 
which  the  ossicles  are  moved.  '''"rf'^.uJ^ta' .hoSi^' 

In    the    heart-shaped    forms    or   Heart-  ^*JSu^'e  ■  s^E^^Sl 

urchins  (Fig.  311)  the  corona  is  heart-shaped,  CFmni  lbm^^.) 

the  mouth  is  usually  more  or  less  eccentri- 
cally placed  on  the  oral  surface,  and  the  peristome  is  usually  trans- 
versely elongated ;  the  anus  is  on  or  near  the  border  between  the 
*  two  surfaces.  The  ambulacral  areas  do  not  nin  continuously,  but 
stop  short  at  the  margin  (petaloid  ambulao-a) ;  one  of  them,  the 
anterior,  is  usually  unlike  the  others  and  frequently  devoid  of 
pores.  The  genital  and  ocular  plates  are  in  the  middle  of  the 
aboral  surface,  where  the  ambulacra  con- 
verge, and  are  thus  widely  separated  from 
the  anus ;  there  are  usually  only  four  genital 
plates,  and  the  genital  apertures  may  be 
reduced  to  two.  Slender  spines  lK-.-»et  the 
entire  surfiice  and  arc  the  chief  organs  of 
locomotion.  Modified  spines,  the  clai-ula; 
surround  the  anus  in  a  ring  and  are  dis- 
tributed elsewhere,  A  few  pe<licellaria' 
arc  present  in  the  neighbourhood  of  the 
jwHw  cnuBHL  niouth,  and  spharidia  also  occur.  A  series 
{Fimn  Lwirkurt.)  of  tree-like   dermal   bmnchiie   surround  the 

peristome.     The  "  lantern  oi'  Aristotle,"  with 
its  teeth,  is  not  represented. 

In  the  Cl}-peastri(lea  ur  Cake-urchins  the  whole  corona  (Fig.  312) 
is  usually  greatly  compressed  so  as  to  as.sume  the  fonn  of  a  disc, 
sometimes  notched  at  the  edges  or  pierced  bv  fenestra?.  The  mouth 
is  in  the  middle  of  the  flat  or  concave  ventral  surface,  the  anus 
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eccentrically  situated  near  the  margin.    The  ambulacra  are  petaloid. 
The  genital  and  ncular  plates   are   usually  more   or  less    fused 
together  at  their  edges, 
and  the  genital  apertures 
are  often  not  in  the  geni- 
tal   plates,   but    in    the   ■ 
correspundingambuiacral 
zones.   The  spines  are  ex- 
ceedingly fine  and   hair-   ■ 
like.  Sphreridia  are  pres- 
ent, but  pedicellariEe  and 
clavulte  are  absent.     An  i 
"Aristotle's  lantern"  with   | 
teeth   is   present,  as   in 
the  globular  forms.  i 

In  the  Holothuroidea 
the  body  is  more  or  less 
elongated  in  the  direc- 
tion of  the  axis  joining 
mouth  with  anus,  which 
are  placed  at  opposite 
extremities  {anterior  or 
oral,  and  jioatrrior  or 
nmil)  of  the  body.  The 
shape  is  sometimes  com- 
pletely cylindrical,  some- 
times five-sided;  in  many 
there  i.i  more  or  leas 
doi-so- ventral  compres- 
sion, and  the  dorsal  and 
ventral  surtkces  may 
differ  greatly  from  one 
another.  A  flattened  sole-like  ventral  surface  bearing  the  three 
rows  of  tube-feet  of  the  triviura  is,  as  already  stated,  often  c 
tinguishable :  it  is  most  distinctly  de- 
veloped in  Psoliix  and  allied  genera.  In 
some  Holothuroids  the  surface  is  en- 
closed in  an  armour  of  close-fitting 
C'  ',es ;  but  in  the  vast  majority  the 
y-wall  is  comparatively  soft,  being 
strengthened  merely  by  a  great  number 
of  minute  ossicles  of  a  variety  of  shapes. 
In  Synaplit  (Apoda)  numerous  minute 
anchor-like  spicules,  each  connected  with 
a  latticed  plate,  project  from  the  surface, 
and  CAUse  the  animal  to  adhere  to  soft 
bodies  with  which  it  comes  in  contact. 


IX  PHYLUM  ECHINODERMATA  391 

Around  the  mouth  is  a  whorl  of  lentnclcs — pinnate,  shield -shaped,  or 
arborescent.  The  tube-feet  are  sometimes  entirely  absent.  When 
present  they  are  usually  uniform  in  character  throughout,  and 
may  be  arranged  in  five  regular  longitudinal  rows,  or  scattered 
over  the  entire  surface.  Sometimes,  as  has  already  been  stated  in 
the  account  of  Colochirus,  the  tube-feet  of  the  dorsal  surface  and 
even  some  of  those  of  the  ventral  may  assume  the  form  of  papillee. 
In  the  Elasipoda  the  tube-feet  of  the  dorsal  surface  are  remarkably 
modified,  taking  the  form  of  greatly  elongated  processes. 

In   the  Crinoidea  the  general  shape  is  that  which  has  been 
described  in  the  case  of  the  feather-star — star-like,  with  a  central 


disc  and  a  series  of  radiating  (n-ms.  which  usually  branch  dicho- 
tomously.  In  the  stalked  fonus  (Fig.  3J-1)  a  j(/"/^,  consisting  of 
a  row  i)f  elongated  ossicles  connected  together  by  bundles  of 
ligamentous  fibres,  attaches  the  animal  to  the  sea-bottom.  Along 
some  of  the  joints  of  the  stalk  are  usually  aixniiged  a  number 
of  slender,  niany-jointeii  apjtendages — the  cirri.  At  its  base  the 
atalk  usually  breaks  up  into  a  number  of  nM)t-like  processes ;  distally 
it  becomes  continuous  with  the  central  disc.  The  ossicles  forming 
the  skeleton  of  the  central  disc  are  the'^/si'/ianil  the  jwi/m^s;  with 
the  latter  articulate  externally  the  h/yir/i  i'lh,  a  single  row  of  which 
gives  support  to  each  of  the  arms  and  its  linmches.  while  similar  rows 
of  smaller  ossicles  support  the  pinnult-s — the  lattnit  apiK-ndages 
which  fringe  the  arms  in  a  double  row.  In  the  free  fonns  (Feather- 
stais)  the  stalk  is  absent  in  the  adult  condition,  though  present 


in  the  larva,  nnH  the 
place  of  its  teniiinal  ossicle 
is  tnken  by  a  plate— the 
ccniro-f/m-sal  amck  '>('  the 
disc.  To  the  centro-dorsal 
ossicle  are  attached  whorl  a 
of  many-jointed,  slender, 
cim'ed  aoraal  cirn. 

The  mouth  in  all  the 
Crinoidea,  with  one  ex- 
ception {Aftin&tiiftiit),  is 
situated  in  the  centre  of 
the  ventral  (upper)  sur- 
face, and  the  anus  in  all, 
with  the  same  exception, 
is  excentric  and  inter- 
radial.  Running  outwards 
from  the  mouth  are  a 
aeries  of  very  narrow  am- 
bitlaa'al  grooves,  one  of 
which  runs  outwards  on 
the  ventral  surface  of  each 
ann,  giving  off  branches 
to  the  arm-branches  and 
to  the  pinnules.  Bordering 
the  ambulacral  grooves 
and  their  branches  are  a 
pair  of  I'ows  of  short 
tubular  tentacles,  which 
correspond  morphologi- 
cally with  the  tube-feet 
of  the  other  classes,  but 
are  devoid  of  the  terminal 
suckers,  and  are  not  loco- 
motor, but  probably  sen- 
sory and  respiratory  in 
ftinction. 

The  calome  in  the 
Echinoderms  is  a  wide 
cavity  lined  by  a  ciliated 
ccelomic  epithelium  and 
containing  a  corpusculated 
fluid.  Prolongations  of  it 
piss  out  into  the  rays, 
and,  in  the  Ophiuroidea 
and  Asteroidea,  between 
the  layers  of  the  body^ 
wfilj.     In   the    Crinoidea 
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it  contains  numerous  strands  of  connective  tissue.  Special 
organs  providing  for  the  respiration  of  this  fluid  are  the  dermal 
hranchia  or  papula! ,  the.  SteicarCs  organs  and  the  respiratory 
trees.  The  first  of  these,  which  are  confined  to  the  Asteroid^i 
and  Echinoidea,  have  been  described  in  the  accounts  of  the 
Starfish  and  Sea-urchin.  In  most  Asteroidea  they  occur  only  on 
the  dorsal  surface,  but  in  S9me  forms  they  are  present  on  the 
ventral  surface  as  well.  In  some  of  the  Echinoids  the  place  of 
dermal  branchiae  in  providing  for  the  respiration  of  the  compart- 
ment of  the  coelome  between  the  peristome  and  Aristotle's  lantern 
is  taken  by  StenxirVs  organs,  arborescent  bodies  which  project 
inwards  from  the  peristome.  The  respirator}'  trees  are  referred 
to  below  in  connection  with  the  enteric  canal. 

Some  reference  has  already  been  made,  in  describing  the  general 
form  of  the  body,  to  the  ambulacral  system  of  vessels.  A 
ring-like  ci)xum-0)nl  vessel  (ring-vessel)  in  nearly  all  cases  sends  off 
a  series  of  radial  branches,  one  passing  along  each  of  the  rays  or 
ambulacral  areas  and  giving  off  branches  to  the  ampullse  of  the 
tube-feet  or  to  the  tentacles.  In  most  of  the  Holothuroidea 
branches  pass  forwards  to  the  circlet  of  shield-shaped  or  bninched 
oral  tentacles,  and  in  some  cases  there  are  vesicles  or  amptdla:  at 
the  bases.  In  the  Apoda,  in  which  tube-feet  are  wanting,  radial 
vessels  are  also  absent,  and  the  vessels  to  the  tentacles  come  off 
directly  from  the  ring-vessel.  In  all  the  classes,  except  Crinoidea, 
one  or  more  bladder-like  appendages — the  Folian  vesicles — are  con- 
nected with  the  ring- vessel.  The  racemose  vesicles,  or  Tiedemajins 
vesicles  (p.  354),  are  characteristic  of  the  Asteroidea.  In  all, 
except  the  Crinoidea  and  the  majority  of  the  Holothuroidea,  there 
is  a  communication  between  the  ring-canal  and  the  surrounding 
water  through  the  madreporic  canal.  In  the  Asteroidea,  and  in 
Cidaris  among  the  Echinoidea,  the  wall  of  this  tube  is  strt»ngt honed 
by  numerous  calcareous  ossicles.  In  the  Asteroidea,  OphiiiR>idca, 
and  Echinoidea,  the  communication  with  the  exterior  is  thnmgh 
the  madreporite ;  in  the  few  Holothuroids  in  which  such  a  com- 
munication exists  {Elasipoda)  there  is  usually  a  simple  oiK^ning, 
but  sometimes  a  number  of  pores  cn>wded  together.  In  the 
remainder  of  the  Holothuroidea  the  distal  end  of  the  madre- 
poric canal,  or  canals,  lies  free  in  the  interior  of  the  body-cavity, 
with  which  it  is  placed  in  communication  by  a  number  of  per- 
forations. In  the  Crinoidea  there  is  no  madn^poric  canal ;  but 
the  ring- vessel  is  placed  in  communication  with  the  ccelome  by 
means  of  a  svsteni  of  ciliated  witter-tuhs,  while  the  ctplome  com- 
municates  with  the  exterior  through  a  number  of  minute  vater- 
pons,  which  perforate  the  ventral  body-wall.  The  fluid  contained  in 
the  ambulacral  system  is  similar  to  that  in  the  coelome  and  contains 
similar  corpuscles.  In  one  Ophiuroid.  however,  the  ambulacral 
system  contains  corpuscles  coloured  red  with  haemoglobin. 
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The  system  of  vessels  and  sinuses  to  which  the  designation 
blood-vascular  system  is  applied  are  specialised  extensions  of 
the  coelonie,  from  the  main  cavity  of  which  they  are  not  completely 
separated  off.  Their  walls  are  for  the  most  part  lined  by  a  ciliated 
epithelium  by  means  of  which  the  movement  of  the  contained 
fluid,  which  does  not  differ  from  that  in  the  coelome,  is  brought 
about.  There  is  never  any  contractile  part  acting  as  a  heart.  The 
general  disposition  of  the  parts  of  this  system  in  the  various  classes 
has  already  been  referred  to  in  the  descriptions  of  the  examples. 
The  arrangement  in  the  Ophiuroidea  resembles  that  described  in 
the  Starfish.  In  the  Holothuroidea  and  Crinoidea  the  axial  sinus 
and  aboral  ring- vessel,  present  in  the  other  three  classes,  are 
absent,  and  there  are  large  intestinal  vessels  accompanying  the 
enteric  canal. 

The  enteric  canal  varies  in  the  five  classes  more  than  any 
of  the  other  systems  of  organs.  It  is  a  simple  tube  in  the  Holo- 
thurians  and  Echinoids,  passing  spirally  through  the  body  from 
the  mouth  at  the  oral  to  the  anus  at  the  opposite  pole.  In  most 
of  the  latter  group  a  complex  masticatory  apparatus  with  five 
teeth — the  so-called  "  lantern  of  Aristotle  " — is  situated  at  its 
anterior  extremity ;  the  corresponding  region  in  the  Holothurians 
is  surrounded  by  a  circlet  of  ossicles,  which  protect  the  nervous 
and  vascular  rings,  and  into  which  the  longitudinal  muscles  of  the 
body-wall  are  inserted. 

In  the  Echinoidea  there  is  a  tubular  caecum,  the  siphoiiy  con- 
nected with  the  intestine.  In  the  Holothurians  the  so-called 
"  respiratory  trees  "  (absent  in  the  Elasipoda  and  the  Apoda)  are 
branched  appendages — usually  two  in  number,  sometimes  single 
— of  the  cloaca  or  posterior  wider  portion  of  the  intestine,  and 
the  *'  Cuvierian  organs  "  are  simple  filiform  glandular  tubes,  also 
connected  with  the  cloaca. 

The  functions  of  the  siphon  and  of  the  respiratory  trees  have 
already  been  referred  to  in  the  accounts  of  Echinus  and  Cucu- 
maria.  The  Cuvierian  organs,  which  occur  only  in  a  limited 
number  of  Holothurians,  correspond  to  undivided  basal  branches 
of  the  respiratory  trees :  they  are  defensive  organs,  the  animal 
when  attacked  throwing  out  numbers  of  these  long  filaments, 
which  are  very  viscid  and  have  the  effect  of  entangling  and 
hampering  the  assailant. 

In  the  Crinoidea  the  alimentary  canal  is  simply  a  coiled  tube 
with  both  mouth  and  anal  opening  on  the  same  (ventral)  surface 
of  the  body.  In  the  Ophiuroids  the  central  mouth  leads  into  a 
simple  sac,  giving  off  short  diverticula,  and  there  is  no  anal 
aperture.  In  the  Asteroidea  the  alimentary  canal  is  more  complex 
than  m  the  other  classes.  The  stomach  is  divided,  as  already 
described  in  the  accoimt  of  the  examples,  into  two  portions,  the 
cardiac  and  the  pyloric,  the  former  giving  off  five  large  rounded 
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radial  diverticula,  the  cardiac  pouches  or  cardiac  cieca.  and  the  latter 
giving  otf  five  pairs  of  verj'  long  branched  diverticula,  the  pyloric 
or  hepatic  cax^a.  The  intestine  is  short  and  conical,  and  opens,  in 
all  but  a  few,  by  an  anal  aperture.  In  some  Asteroidea  (as  in 
Anthenea,  Figs.  283  and  284)  the  intestine  has  connected  with  it 
a  system  of  five  elongated  bifurcated  inter-radial  intestinal  ca?ca ; 
in  others  (as  in  Asterias,  Fig.  281)  these  are  represented  only  by 
two  or  three  lobed  diverticula.  In  one  member  of  the  class  there 
are  also  ten  cseca  connected  \^4th  the  oesophagus. 

In  the  nenroiu  system  of  the  Echinodermata  three  distinct 
parts,  the  relative  development  of  which  differs  in  the  different 
classes,  are  to  be  recognised.  These  are  the  epiiiermal  or  super- 
ficial, the  deejy^  and  the  ccelomic.  The  epidermal  system  is  well 
developed  in  all  the  classes :  its  principal  jmrts  are  a  circum-oral 
ner\e-ring  and  radial  branches,  but  a  plexus  of  nerve-fibres  with 
occasional  nerve-cells  extends  from  it  through  the  epidermis.  In 
the  Ophiuroids  the  radial  nerves  and  the  ring  ner\'e  are  similar 
in  their  arrangement  to  what  is  to  be  observed  in  the  Asteroids, 
but  are  more  deeply  placed,  being  covered  over  by  the  investing 
calcareous  plates.  The  deep-lying  nervous  system  is  absent  in  the 
Crinoidea,  veiy  feebly  developed  in  the  Echinoidea,  but  well 
developed  in  the  Asteroidea,  Ophiuroidea,  and  Holothuroidea. 
Its  general  arrangement  has  already  been  described  in  the  account 
of  the  St-arfish.  The  coelomic  system  is  best  developed  in  the 
Crinoidea  and  is  absent  altogether  in  the  Holothurians. 

The  sexes  are  distinct  in  all  the  Echinoderms,  with  one  or  two 
exceptions :  but  there  is  very  rarely  any  trace  of  sexual  dimorphism. 
Asterina  gibbosa,  the  Starfish  the  development  of  which  has  been 
described  (p.  358),  is  one  of  the  exceptional  hermaphrodite  forms ; 
the  young  animals  of  this  species  are  male,  producing  sperms,  but 
at  a  later  stage  they  become  female  and  pnxiuce  only  ova.  In  the 
family  SjTiaptidae  of  the  Apoda  there  are  also  numerous  examples 
of  hennaphroditism,  the  animal  at  first  producing  ova,  later  only 
sperms.  In  Avxphiura  squamnta,  an  Ophiuroid,  both  ovaries  and 
testes  are  present  at  once.  The  gonads,  ovaries  or  testes  as  the 
case  may  be,  are  branching  bodies  inter-mdial  in  position,  and 
usually  in  ]>airs.  In  the  Asteroidea  there  are  five  ]>airs,  the  ducts 
from  which  open  usually  on  a  special  plate  on  the  dorsal  surface, 
but  in  one  or  two  species  open  on  the  ventral  surface.  In  the 
Echinoidea  there  are  five  ovaries  or  testes,  the  five  ducts  of 
which  o|)en  on  the  genital  plates  of  the  apical  system.  In  the 
Ophiuroidea  there  are  five  pairs  of  genital  glands,  a  pair  in  the 
wall  of  each  of  five  gcnitnl  hvrso\  which  open  on  the  exterior  by 
slits  on  the  ventral  surface  close  to  the  mouth.  In  the  Holo- 
thuroidea there  is  only  a  single  branchini  gland,  sometimes  imper- 
fectly dividtnl  into  two,  with  a  duct  o|K'ning  on  the  dorsal  surface 
not  far  from  the  mouth.     In  the  Crinoidea  the  ovaries  and  testes 


by  sutures  so  as  to  fonn  a  continuouH  shell  or  corona.  Astiienosorrui; 
a  deep-sea  genus,  differs  from  all  the  rest  in  having  a  corona 
posseasinR  a  certain  degree  of  flexibility,  and  performing  move- 
ments which  are  brought  about  by  the  contractions  of  five 
longitudinal  bands  of  muscle  running  along  the  ambulacral  areas 
on  the  inner  surface. 

In  the  globular  forma,  or  regular  Sea-urohins,  the  mouth  is  situ- 
ated at  the  ventral  pole  of  the  globe,  the  anus  at  the  dorsal,  and 
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the  plates  of  the  corona  are  in  twenty  regular  meridional  rows, 
arranged  in  ten  zones,  five  ambulacral  and  five  inter-am buiacral, 
as  described  in  the  account  of  Echinus,  with  peristome,  periproct, 
ocular  and  genital  plates,  and  madreporite.  Sjtijua  (Fig.  309), 
pedicellaricB  (Fig.  310),  and  sphwridia  are  present,  as  already 
described  (p.  363),  the  last-named  appendages,  however,  being 
absent  in  one  group.  The  9i)ines  are  usually  defensive  organs 
simply,  but  in  some  Sea-urchins  they  act  also  as  the  locomotive 
organs,  the  animal  moving  by  their  agency  along  the  sea-bottom. 
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The  tube-feet,  which  are  arranged  in  a  double  row  in  each 
ambulacra)  zone,  are  extremely  extensible,  and  terminate  in  suck- 
ing-membranes strengthened  by  a  calcareous  rosette.  An  unpaired 
teniade,  corresponding  to  those  of  the  Asteroidea,  is  supported  on 
each  of  the  ocular  plates  at  the  ends  of 
the  ambulacral  zones.  Two  tube-feet  in 
each  double  row,  situated  on  the  peristome. 
are  likewise  of  the  nature  of  tentacles, 
being  devoid  of  sucking-membranes.  Cor- 
responding to  the  dermal  hranchw  of  the 
Asteroidea  are,  in  the  majority,  five  pairs 
of  branched  hollow  appendages  surrounding 
the  peristome. 

Surrounding  the  mouth  are  five  teeth, 
supported  by  an  elaborate  system  of  ossicles 
(Aristotle's  lantern,  see  p.  366),  and  a  ring 
of  processes,  the  auricles,  from  the  interior 
of  the  corona  surrounds  this  and  gives 
attachment  to  some  of  the  muscles  by 
which  the  ossicles  are  moved. 

In    the     heart-shaped    forms    or    Heart- 
urchins  (Fig.  311)  the  corona  is  heart-shape<l, 
the  mouth  is  usually  more  or  less  eccentri- 
cally placed  on  the  oral  surface,  and  the  peristome  is  usually  trans- 
versely elongated ;  the  anus  is  on  or  near  the  border  between  the 
■  two  surfaces.     The  ambulacral  areas  do  not  nm  continuously,  but 
stop  short  at  the  margin  (petaloid  ambulacm);  one  of  them,  the 
anterior,    is   usually  unlike  the  others  and  frequently  devoid  of 
pores.     The  genital  and  ocular  plates  are  in  the  middle  of  the 
aboral   surface,   where    the   ambulacra   con- 
verge, and   are   thus  widely  separated  from 
the  anus  ;  there  are  usually  only  four  genital 
plates,  and   the   genital   apertures   may   be 
reduced   to   two.      Slender  spines  beset  the 
entire   surface  and  are  the   chief  organs  of 
locomotion.      Modified    spines,   the    clncula, 
surroimd  the  anus  in   a   ring  and  are   dis- 
iributtil     elsewhere.      A     few     pcdicellaria- 
are   present  in   the    neighbourhood   of   the 
moutn,  and  Hi)hteridia  also  occur.     A  series 
of  tree-like  dermal    branchirc   surround  the 
peristome.     The  "  lantern  of  Aristotle,"  with 
its  teeth,  is  not  representeil. 

In  the  Cl\-peastri(iea  or  Cake-urchins  the  whole  corona  (Fig.  312) 
is  usually  greatly  compressed  so  as  to  atwunio  the  form  of  a  disc, 
sometimes  notched  at  tne  edges  or  piercitl  by  fenestne.  The  mouth 
is  in  the  middle  of  the  flat  or  concave  ventral  surface,  the  anus 
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take  the  special  form  to  which  the  term  pa-'iHec  is  applied.  Each 
paxilla  is  a  plate  which  is  produced  into  a  short  rod,  divided  at  itH 
extremity  into  a  number  of  radiating  processes. 

The  tuhe-fcel  arc  arranged  in  a  double  row  along  each  of  the 
ambulacral  grooves,  each  connected  through  an  aperture  between 
the  ambulacral  ossicles  with  an  ampulla,  or,  exceptionally,  with 
two,  situated  in  the  ccelome.  Each  double  row  of  tube-feet 
terminates  at  the  extremity  of  the  arm  in  an  unpaired  appendage, 
the  tentacli,  which  is  tactile  and  ollactory,  and  not  locomotive,  in 
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function.   The  tube-feet  are  provided  (except  in  Astropccten)  with 
terminal  suckers. 

In  the  Ophiuroidea  (Fig.  306)  the  crntml  disc  is  much  mon- 
sharply  marked  off  from  the  arms  than  in  the  Asteroidea.  The 
arms,  which  are  five  in  nnmber,  are  comparatively  slender, 
cylindrical,  tapering  towards  the  free  extremities;  in  one  group, 
the  Euryalida  {Fig.  307),  they  are  branched.  The  mouth  is  in  the 
middle  of  the  ventral  surface  of  the  disc,  as  in  the  Asteroidea,  but 
there  are  no  ambulacral  grooves  and  there  is  no  anal  a]ierture. 
Five  pairs  of  slit*  on  the  oral  surface  (Fig.  306,  C)  lead  into  the 
genital  sacs,  which  receive  the  sperms  and  ova  from  the  gonads, 
and  which  appear  also  to  act  as  oi^ns  of  resi»iration  and  perhaps 
also  of  excretion.     The   surface  is  covered   with  thin   plate  like- 
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ossicles,  usually  beset  aloDg  their  edges  with  longer  or  shorter 
spines;  sometiiiieJi  irregular  calcareous  granules  take  the  plnce 
oT  plates.  Hook-like  oi^ans  of  adhesion  are  i)resent  only  in  the 
Euryalida.  Each  of  the  arms  is  supported  by  a  row  of  internally 
situated  nmbalacnd  ossicks.  Tube-feet  are  present  and  are  pro- 
truded at  the  sides  of  the  arms  between  the  lateral  plate-like 
ossicles;  but  they  have  no  sucking-discs  and  no  ampulla,  and 
locomotion  is  effected  in  the  majority  of  the  Ophiuroids  by  active 
flexions  and  extensions  of  the  arms.      In  one  gL-nUN  there  is  a  pair 
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of  fin-like  appt'nflages,  supported  by  slender  spines,  on  each  joint 
of  the  anns.  The  inadreporite  is  ttituated  inter-iadiaily  on  the 
ventral  surface,  and  not  on  the  dorsal  as  in  the  Asteroidea.  In 
the  Euryalida  there  are  five  madreporites  and  five  madreporic 
canals. 

In  the  Echinoidea  the  body  is  either  globular  or  heart-shaped, 
or  flatteae<l  and  disc-Uke  ;  dorsal  and  ventral  surfaces  arc  always 
distinctly  reojignisable.  The  exoskfJelon  is  in  the  form  of  a  rigidly 
«rticulttte<i  system  <jf  calcareous  plates,  fitting  in  closely  together 
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by  Kutures  so  as  to  form  a  continuous  shell  or  corotiu.  Aslheiioscmn, 
a  deep-sea  genus,  differs  fmm  all  the  rest  in  having  a  corona 
possessing  a  certain  degree  of  flexibility,  and  performing  move- 
ments which  are  brought  about  by  the  contractions  of  five 
longitudinal  bands  of  muscle  running  along  the  anibulacral  areas 
on  the  inner  surface. 

In  the  globular  forms,  or  regular  Sea-urchins,  the  moiith  is  situ- 
ated at  the  ventral  pole  of  the  globe,  the  anus  at  the  dorsal,  and 
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the  plates  of  the  corona  are  in  twenty  regular  meridional  rows, 
arranged  in  ten  zones,  five  ambulacral  and  five  inter-ainbulacral, 
as  described  in  the  account  of  Echinus,  with  peristome,  peri proct, 
ocular  and  genital  plates,  and  madreporite.  Spines  (Fig.  309), 
pediceliarite  (Fig.  310),  and  sphcEridia  are  present,  as  already 
described  (p.  363),  the  last-named  appendages,  however,  being 
absent  in  one  group.  The  spines  are  usually  defensive  organs 
simply,  but  in  some  Sea-urchins  they  act  also  as  the  locomotive 
organs,  the  animal  moving  hy  their  agency  along  the  sea-bottom. 
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The  tube-feet,  which  are  arranged  in  a  double  row  in  each 
ambulacra!  zone,  are  extremely  extensible,  and  tenninate  in  suck- 
inff-membntnes  strengthened  by  a  calcareous  rosette.  An  unpaire<l 
ttniade,  corresponding  to  those  of  the  Astoroidea,  is  supported  on 
each  of  the  ocular  plates  at  the  ends  of 
the  ambulacra]  zones.  Two  tube-feet  in 
each  double  row,  situated  on  the  peristome, 
are  likewise  of  the  nature  of  tentacles, 
being  devoid  of  sucking-membranes.  Cor- 
responding to  the  dermal  hranekitr  of  the 
Asteroidea  are,  in  the  majority,  five  pairs 
of  branched  hollow  appendages  surrounding 
the  peristome. 

Surrounding  the  mouth  are  five  teeth, 
supported  by  an  elaborate  system  of  ossicles 
{ArutotU's  lantcra.  see  p.  366),  and  a  ring 
of  processes,  the  auricles,  from  the  interior 
of  the  corona  surrounds  this  and  gives 
attachment  to  some  of  the  muscles  by 
which  the  ossicles  are  moved. 

In    the    heart-shaped    forma    or   Heart- 
urchins  (Fig.31 1 )  the  corona  is  heart-shaped, 
the  mouth  is  usually  more  or  less  eccentri- 
cally placed  on  the  oral  surface,  and  the  peristome  is  usually  trans- 
versely elongated ;  the  anus  is  on  or  near  the  border  between  the 
'  two  surfaces.     The  ambulacral  areas  do  not  run  continuously,  but 
stop  short  at  the  margin  (pctaloid  amhtlacnt);   one  of  them,  the 
anterior,    is   usually  unlike  the  others  and  frequently  devoid  of 
pores.     The  genital  and  ocular  plates  are  in  the  middle  of  the 
aboral   surface,   where    the   ambulacra    con- 
verge, and   are   thus  widely  sepanited  from 
the  anus :  there  are  usually  only  four  genital 
plates,   and    the   genital   apertures   may   Ix- 
re<hlLt.'d    to    two.      Slender  spines  K'set   the 
entire  siirface  and  are  the   chief  organs  of 
locomotion.      McHlified    sjiines,   the    clmiila; 
surround  the  anus  in    a   ring  and  are   dis- 
trilmtitl     elsewhere.      A     few     jKiiicellaria' 
are   present  in    the    ueighbonrhtKxl   of   the 
moutn,  and  spha'riditi  also  occur.     A  series 
of  tree-like   dermal   branchiie   sunx>und  the 
peristome.     The  "lantern  of  Aristotle,"  with 
it8  teeth,  is  not  representwl. 

In  the  ChTX-astridea  or  Cake-urchins  the  whi.le  c-..r<.na  (Fig.  312) 
is  usually  greatly  compn-ssed  so  as  to  assume  the  form  of  a  disc, 
sometimes  notchwl  at  tne  edges  or  pierced  by  ft  lu'stne.  The  mouth 
is  in  the  middle  of  the  Hat  or  concave  vcntnd  surihce,  the  anus 
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of  a  few  Crinoids,  is  probably  less  primitive  than  the  attached, 
since  in  other  phyla  the  radial  symmetry  is  co-ordinated  with, 
and  seems  to  be  developed  on  account  of,  a  fixed,  usually  stalked 
condition.  Probably  then  stalked  Echinoderms  were  the  pro- 
genitors of  the  existing  free  forms.  The  fossil  Cystoidea,  some  of 
which  were  stalked,  and  in  which  the  radial  symmetry  is  not 
always  strongly  marked,  are  to  be  looked  upon  as  the  most  primi- 
tive of  all  the  classes  of  Ekihinodermata,  and  a  probable  genealogy 
of  the  whole  phylum  is  indicated  in  the  diagram  below. 


Holorhuroid.a^'^'?'"^'^*''    AsNroidea  OpWturoidmB. 


Crinoidaa 


BtA•^oid•% 


Cyshoidca 


Primihv*  Echinoderms 

Fia.  317.— Dia^jpram  to  illustrate  the  relationBhipe  of  the  classes  of  Echinodemiata. 


According  to  another  view,  however,  the  most  primitive  of 
existing  Ecninoderms  are  Synapta  and  its  allies  (Holt)thuroidea 
apoda).  The  other  Holothuroids  are  supposed,  according  to  this 
conception  of  the  relationships  of  the  various  classes,  to  have  been 
derived  from  a  S3Tiapta-like  ancestor.  From  the  primitive  stock 
of  the  Holothuroids  is  supposed  to  have  been  derived  a  form 
which  gave  origin  to  all  the  stalked  classes.  From  this  ancestral 
stalked  Elchinoderm,  again,  the  remainder  of  the  free  classes — the 
Echinoidea,  Asteroidea  and  Ophiuroidea — ^are  regarded  as  having 
been  descended. 


SECTION  X 
PHYLUM  ANNULATA 

The  phylum  Annulate  comprises  four  claj-scs  of  Worms — the 
Chcctopcda  or  Earthworms  and  marine  Annelids,  the  Archi-anncMa, 
the  Gephyrca,  and  the  Hirudinea  or  Leeches.  All  of  these,  except 
the  GephjTea,  have  the  elongated  body  divided  externally  into  a 
number  of  rings,  which  represent  a  division  of  the  internal  parts 
into  a  series  of  segments  or  metameres.  There  is  usually  an 
extensive  ccelome,  and  there  is  in  most  a  system  of  blood-vessels. 
The  nervous  system  consists  of  a  cerebral  ganglion,  oesophageal 
connectives,  and  a  double  ventral  nerve-cord,  which  in  all  out  the 
GephjTea  is  segmented  into  a  series  of  ganglia.  The  organs  of 
excretion  are  in  the  form  of  metamerically  arranged  pairs  of  tubes, 
the  ntphridia  or  segmental  organs,  leading  frcm  the  coelome  to 
the  exterior,  and  all  these,  or  certain  specially  modified  pairs  of 
them,  may  have  the  function  of  permitting  of  the  passage  outwards 
of  the  reproductive  elements. 

CLASS  L— CHJETOPODA. 

The  Cha^topoda,  comprising  the  Earthworms,  Fresh-water 
Worms,  and  Marine  Annelids,  are  Worms  the  body  of  which,  un- 
like that  of  a  Flat- worm  or  a  Round- wonn,  is  made  up  of  a  series 
of  more  or  less  completely  similar  segments  or  metameres,  each 
containing  a  chamber  or  com|)artment  of  the  body-cavity  and  a 
section  of  the  alimentarj^  canal  and  other  organs.  At  the  sides 
of  each  are  a  pair  of  muscular  processes,  the  parapaUa^  which  do 
duty  as  limbs,  bearing  bundles  of  seta*  or  bristles,  and  Ix^aring  also, 
usually,  certain  tactile  appendages,  the  cirri.  There  is  an  extensive 
coelome,  incompletely  divided  into  a  series  of  chambers  correspond- 
ing to  the  segments,  by  a  series  of  muscular  partitions,  which  act 
also  as  mesenteries,  being  attached  internally  to  the  alimentary 
canal.  The  latter  extends  throughout  thi'  k^ngth  of  the  body  : 
the  intestine  is  usually  constricted  between  the  segments.     There 
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is  a  well-developed  blood-vascular  system  in  the  majority  of  the 
Cha^topoda;  and  organs  of  respiration  in  the  form  of  gills  or 
branchiae  are  usually  developed.  The  excretory  organs  are  in  the 
form  of  segmentally  arranged  pairs  of  tubes,  the  Tiephridia.  The 
nervous  system  consists  of  a  bilateral  principal  ganglion  or  brain, 
situated  in  the  prostomium,  and  a  double  chain  of  ganglia  extend- 
ing throughout  the  body.  The  sexes  are  in  some  distinct,  in  others 
united.     When  a  definite  larval  form  occurs  it  is  a  Trochosphere, 


B 


1.  Examples  of  the  Class. 

a.  Nereis  dumeHlii} 

Oteneral  Eztemal  Features. — Various  species  of  Nereis  occur 
abundantly  between  tide-marks  on  the  sea-shore,  under  stones,  and 

among  sea-weed  in  all  parts  of  the 
world.  The  worm  varies  consider- 
ably in  colour  even  in  the  same 
species,  the  difiFerences  being  partly 
due  to  difiFerences  in  the  stage  of 
development  of  the  sexual  ele- 
ments. In  N  dumeHlii  the  pre- 
vailing colour  is  some  shade  of 
violet,  with  a  blush  of  red  in  the 
more  vascular  parts  due  to  the 
bright  red  colour  of  the  blood.  In 
shape  (Fig.  318)  the  body,  which 
may  be  about  7  or  8  centimetres 
in  length,  is  long  and  narrow, 
approximately  cylindrical,  some- 
what narrower  towards  the  pos- 
terior end.  A  very  distinct  head^ 
bearing  eyes  and  tentacles,  is  re- 
■  cognisable  at  the  anterior  end; 
the  rest  is  divided  by  a  series  of 
ring-like  narrow  grooves  into  a 
corresponding  series  of  segments  or 
vxetamcreSy  which  are  about  eighty 
in  number  altogether;  and  each 
of  these  bears  laterally  a  pair  of 
movable  muscular  processes  called 
the  parapodia,  provided  with 
bundles  of  bristles  or  sctcv.  The 
head  (Fig.  321)  consists  of  two 
parts,   the  prostomium    (prccst.)   and    the    pcristomium   (perist,). 

^  Though  Xereis  dumerilii  is  here  named  as  the  example,  and  the  majority  of 
the  tigui-es  refer  specially  to  that  species,  the  description  given  would  apply 
almost  etjually  well  to  a  considerable  number  of  species  of  the  genus. 


Fio.  S18.— Nereis  dumerilii.  Natural 
sise.  A,  Sertis  phase ;  B,  HtUfontrtu 
phase.    (After  ClaporMe.) 
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The  former  bears  on  its  doisal  surface  four  large  roundeil  eyes 

in  front  a  pair  of  short  cyHndrical  terUaeks  (tent.),  and  further  wick 
a  pair  of  somewhat  longer 
stout  appendages  or  palpi 
(palp.).  The  periatoviium, 
which  bears  some  resem- 
blance to  the  segments  of  the 
body,  though  wanting  the 
parapodia,  bears  laterally 
four  pairs  of  long  slender 
cylindrical  tentacles  (perist. 
tenl.):  on  its  ventral  aspect 
is  a  transversely  elongated 
aperture,  the  aperture  of  the 
mouth.  The  segments  of  the 
body  differ  little  in  external 

characters  from  one  another  throughout  the  length  of  the  worm. 

E^b  bears  laterally  a  pair  of  parapodia,  which  in  the  living  animal 

are  usually  in  active  movement,  aiding  in 

creeping,  or  acting  as  a  series  of  oars  for 

propelling   it   through    the  water.      When 

one  of  the  parapodia  (Fig,  319)  is  examined 

more  attentively  it  is  found  to  be  birariwus, 

or  to  consist  of  two   distinct   divisions — a 

dorsal,  which    is    termed    the    notopodiuvi 

(noto.),  and  a  ventral,  which  is  termed  the 

nntropodium   (neuro.).      Each    of    these   is 

further  subdivided  into   seveml  lobes,  and 

each  bears  a  bundle  of  setse.     Each  of  the 

bundles  of  sette  is  lodged  in  a  sac  formed 

by  invagination  of  the  epidermis,  the  setiger- 

ous  sac,  and  is  capable  of  being  protruded 

or  retracted  and  turned  in  various  directions 

by  bundles  of  muscular  fibres  in  the  interior 

of  the  parapodium.     In  each  bundle  thcru 

is,  in  addition  to  the  ordinary  setie,  a  stouter, 

straight,  dark-coloured  seta  (ac),  the  pointed 

apex  of  which  projects  only  a  short  distance 

on  the  surface ;  this  is  termed  the  aeimdum. 

The  ordinary  setse  {Fig.  320)  are  exceedingly 

fine,  but   stiffish,  chitinous  rods,  of  which 

two  principal  kinds    are  recognisable ;  both 

have  a  terminal  blade  articulating  with  the 

main  shaft  uf  the  seta  by  a  distinct  joint ; 

but  in  the  one  variety  the  shaft  of  the  seta 

is  finer  than  in  the  other,  and  the  terminal  blade  long,  slender. 

and  nearly  straight,  whereas  in  the  other  variety  it  is  short  and 


.  3£fl,— Nereis  dnmer- 
11,  SdI»  highly  nia^t^ 
)rt.    (After  Clflpnridf.) 
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slightly  hooked.  On  the  dorsal  side  of  the  parapodium  is  a  short 
cylindrical,  tentacle-like  appendage,  the  dorsal  ciri'us  (Fig.  319, 
dors,  cirr.),  and  a  similar,  somewhat  shorter,  appendage,  the  ventral 
cirrus  (vent,  cirr.),  is  situated  on  its  ventral  side.  The  last  seg- 
ment of  the  body,  the  anal  segment,  bears  posteriorly  a  small 
rounded  aperture,  the  anus ;  this  segment  is  devoid  of  parapodia, 
but  bears  a  pair  of  appendages,  the  anal  cirH,  similar  in  character 
to  the  cirri  of  the  ordinary  segments,  but  considerably  longer. 

On  the  ventral  surface,  near  the  bases  of  the  parapodia,  there  is 
in  each  segment  a  pair  of  very  fine  apertures,  the  openings  of  the 
nephridia. 

The  enteric  canal  is  a  straight  tube  running  throughout  the 
length  of  the  body  from  the  mouth  to  the  anus.  Between  the 
outer  surface  of  this  tube  and  the  inner  surface  of  the  wall  of  the 
body  is  a  considerable  space — the  coBlomey  body  cavity,  or  peri- 
visceral cavity — filled  with  a  fluid,  the  ccelamic  fluid.  The  walls 
of  the  coelome  (Fig.  322)  are  lined  with  a  thin  membrane,  the 
codainic  epithelium  or  peritoneum,  of  which  the  outer  layer — that 
lining  the  body- wall — is  the  parietal  layer  {par.  2^^ri^i  that  cover- 
ing the  outer  surface  of  the  alimentary  canal  the  splanx^hnic  or 
visceral  layer  (vise.  peri.).  The  space  is  divided  by  a  series  of  trans- 
verse partitions  or  septa  passing  inwards  from  the  body- wall  to  the 
wall  of  the  alimentary  canal  opposite  the  grooves  between  the 
segments,  and  thus  dividing  the  coelome  into  a  series  of  chambers, 
each  of  which  corresponds  to  one  of  the  segments.  These  parti- 
tions are  not  complete,  spaces  being  left  around  the  alimentary 
canal  and  elsewhere,  through  which  neighbouring  chambers 
communicate. 

The  mouth  leads  into  a  wide  cavity,  the  buccal  cavity,  con- 
tinued back  into  a  j^harynx  (Fig.  S2l,  ph.)  These  two  chambers 
extend  through  the  peristomium  and  the  first  to  the  fourth  seg- 
ments of  the  body.  They  are  lined  ^vith  a  tolerably  thick  cuticle, 
continuous  with  a  similar  layer  lining  the  outer  surface  of  the  body, 
and  in  the  pharynx  are  a  number  of  very  small  dark  bro>\Ti  chitinous 
denticles,  wnich  are  very  regularly  arranged.  The  posterior  part 
of  the  phar3Tix  (dcntary  region)  has  very  thick  walls  composed  of 
bimdles  of  muscular  fibres,  which  are  concerned  in  the  movements 
of  a  pair  of  laterally  placed  chitinous  yaw^s.  Each  jaw  is  elongated 
in  the  direction  of  the  long  axis  of  the  body,  rounded  at  the  posterior 
end  or  base,  where  it  is  embedded  in  muscle,  pointed  at  the  apex, 
which  is  strongly  incurved ;  the  inner  edge  is  divided  into  a 
number  of  strong  serrations  or  teeth :  the  whole  jaw  might  be 
compared  to  a  pruning-hook  vdih  its  cutting  edge  deeply  serrated. 
Behind  the  pharjTix  the  alimentary  canal  narrows  considerably 
to  form  a  tube,  the  oisophagv^  (ceS')y  which  runs  through  about  five 
segments  to  open  into  the  intestine. 

Kunning  backwards  and  inwards  from  the  wall  of  the  peristomium 
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to  the  wall  of  the  buccal  cavity  and  pharjnx  are 
bands  or  sheets  of  muscle, 
the  proti-actm-  inuides,  by 
the  contraction  of  which 
this  anterior  part  of  the 
alimentary  canal  is  capable 
of  being  everted  as  a 
proboscis  until  the  jaws  are 
thrust  forth  and  thus  ren- 
dered capable  of  being 
brought  to  bear  on  some 
small  living  animal,  or 
fragment  of  animal  matter, 
to  be  seized  and  swallowed 
as  food.  The  proboscis  is 
withdrami  again  by  a 
retractor  sheet  of  muscle, 
which  passes  inwards  and 
forwards  to  be  inserted 
into  the  wall  of  the  ali- 
mentary canal  at  the  junc- 
tion of  the  pharj'nx  and 
oesophagus. 

Into  the  cesophagus  open 
a  pair  of  large  unbranched 
glandular  pouches,  or  cceca 
{ffl.),  which  probably  are 
of  the  nature  of  digestive 
glands.  The  intestine  (int.) 
la  a  straight  tube  of  nearly 
uniform  character  through- 
out, regularly  constricted 
between  the  segments — 
the  constrictions  becoming 
much  deeper  towards  the 
posterior  end  of  the  body. 
The  part  of  the  intestine 
which  lies  in  the  last 
segment  is  termed  the 
reetum. 

The  wall  of  the  ali- 
mentary canal  (Fig.  322) 
consists  (1)  of  the  visceral 
layer  of  the  peritoneum 
(vise. pel- i.):  (2)ofaiayerof 

longitudinal  muscular  fibres  (lon^.tnus.):  (3)  of  a  layer  of  circular 
muscular  fibres  (circ.  mus.) ;  (4)  of  the  enteric  epithelium  (ent.  ep.), 


^lo.  3^1.— NereU  dnmerUll. 
doTBal  body.wftll  rcmovod,  60 
naphrtdLa ;  a  portion  of  the  late 


lephridla ;  nr-  «4opbagua ;  paip. 
OS ;  ph.  yharyni  with  lU  jaws ; 


consisting  of  close-set,  long,  narrow  cells.  To  these  layers  is  super- 
added in  the  buccal  cavity  and  the  pharynx  an  internal  chitinous 
cuticle,  continuous  with  that  of  the  general  outer  surface. 

Developmental ly  the  buccal  cavity  and  the  pharynx  constitute 
the  timnodceum,  the  rectum  the  proetodtBuw.,  the  rest  of  the  alimen- 
ta^  canal  the  meaenieron. 

The  irall  of  the  body  consists  of  a  cuticle,  an  epidermis  or 
deric  epithelium,  muscular  layers,  and  the  parietal  layer  of  the 
peritoneum  referred  to  above.    The  cuticle  (cut.)  is  a  thin  chitinous 


Pio.  Kl.— Narala  domcrtlU.  Semi -dlignmnu tic  tmurniK  uctlou  ot  Urn  middli  ngloD  ol 
the  body :  eirt.  mu.  (sitamil).  clrcutar  Uyer  of  miMcIo  of  body-widl ;  mi:,  miij.  (Intemil), 
clrcolu'  Uyflrof  muBclaof  walLof  Anterlc  cuul ;  of^.  rasloiu ;  nf .  cutldo  ;  dors.  {on<j.  mm,Aontl 
lougltudiiikl  miuclM  of  body-nil ;  dan,  ta,  doml  tsbhI  ;  cnl.  <p.  euterti:  eplltiellum :  tp.  gplder- 
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dium  ;  nevr.  tft.  DQumpodfil  setc 
■ud  Bdoulum :  M.  mu.  obUque  a 
Uiim ;  Knl.  Umb.  mw.  Teotnl  loa{ 


layer  which  exhibits  an  iridescent  lustre  due  to  the  presence  of 
two  intersecting  systems  of  fine  lines;  it  is  perforated  by  numerous 
minute  openings,  the  openings  of  the  epidermal  glands.  The 
epidermis  (ep.)  is  very  thin,  except  on  the  ventral  surface,  where 
it  becomes  considerably  thickened.  It  consists  of  a  layer  of  cells 
containing  numerous  twisted  unicellular  glands,  which  are  most 
abundant  on  the  ventral  surface,  particularly  near  the  bases  of  the 
parapodia ;  on  the  dorsal  surface  the  epidermis  contains  plexuses 
of  fine  blood-vessels.  The  muscular  layers  are  two  in  number — 
An  external  in  which  the  fibres  run  circularly  {circ,  mus.),  and  an 
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internal  in  which  they  run  longitudinally.  The  latter  is  not  a 
continuous  layer,  but  consists  of  four  bundles  of  fibres,  two  dorso- 
lateral {dors.  long,  mus,)  and  two  ventro-lateral  (^rU,  long.  mus.). 

Nereis  has  a  well-developed  system  of  veisels  filled  with  blood 
of  a  bright  red  colour*  A  main  dorsal  vessel  (Figs.  321  and  322, 
dors.  vesT)  runs  from  one  end  of  the  body  to  the  other  above  the 
alimentary  c^nal,  and  is  visible  in  places  through  the  body-wall  in 
the  living  animal.  It,  as  well  as  the  majority  of  the  vessels,  un- 
dergoes contractions  which  are  of  a  peristaltic  character — ^waves  of 
contraction  passing  along  the  wall  of  the  vessel  so  as  to  cause  the 
movement  of  the  contained  blood.  These  peristaltic  contractions 
are  more  powerful  in  the  case  of  the  dorsal  vessel  than  in  that  of 
any  of  the  others,  and  run  with  great  regularity  from  behind  for- 
wards, so  as  to  drive  a  current  of  blood  in  that  direction.  The 
contractions  are  brought  about  partly  by  a  series  of  muscular  fibres 
which  are  arranged  in  rings  round  the  wall  of  the  vessel  at  short 
intervals ;  but  the  wall  of  the  vessel  is  itself  contractile. 

Along  the  middle  of  the  ventral  surface  below  the  alimentary 
canal  runs  another  large  longitudinal  vessel,  the  ventral  vessel  (vent, 
ves.),  in  which  the  current  of  blood  takes  a  direction  firom  before 
backwards.  Connecting  the  dorsal  and  ventral  vessels,  there  are  in 
each  segment  two  pairs  of  loop-like  transverse  vessels  which  give 
oflf  branches  to  the  parapodia,  the  alimentary  canal,  and  neighbour- 
ing parts.  Some  of  these  branches  communicate  with  plexuses 
of  fine  vessels  in  the  interior  of  the  lobes  of  the  parapodia  and  in 
the  integument  of  the  dorsal  surface,  and  with  dilatations  or  sinuses 
situated  in  the  bases  of  the  parapodia.  A  delicate  longitudinal 
neural  vessel  accompanies  the  nerve-cord. 

Nereis  is  devoid  of  any  branchice  ;  but  there  can  be  little  doubt 
that  the  lobes  of  the  feet  with  their  rich  blood-supply,  and  the 
areas  of  integument  occupied  by  plexuses  of  blood-vessels,  subserve 
the  function  of  respiration. 

There  is  a  well-developed  nervous  system  (Fig.  323)  which  is 
bilateral  and  metameric  in  its  arrangement,  like  the  other  systems 
of  organs.  Situated  in  the  prostomium  is  a  large  bilobed  mass 
of  nerve-matter  containing  numerous  nerve-cells,  the  cerehul 
ganglion  or  h*ain  (c).  This  gives  off  tentacular  nerves  to  the  tentacles 
and  palpi,  and  two  pairs  of  short  thick  optic  nerves  to  the  eyes. 
Behind,  two  thick  nerve-strands,  the  oesophageal  connectives  (d),  curve 
round  the  mouth  in  the  peristomium  to  meet  on  the  ventral 
aspect  behind  the  mouth  and  below  the  pharynx.  The  oesopha- 
geal connectives,  with  the  cerebral  ganglion,  thus  form  a  ring 
around  the  anterior  part  of  the  enteric  canal.  Running  back- 
wards from  the  point  of  union  of  the  oesophageal  connectives, 
along  the  entire  length  of  the  body  of  the  worm,  on  the  ventral 
aspect,  is  a  thick  cord  of  nerve-matter,  the  ventral  nerve-cord  (h) 
In  each  segment  this  cord  presents  a  little  dilatation  from  which 
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direction.  The  outer  end  of  each  cell  narrows  into  a  nerve-fibre 
forming  part  of  the  optic  nerve ;  near  this  end  ia  a  nucleus ;  the 
main  body  of  the  cell  is  densely  pigmented ;  the  inner  part  project* 
towards  the  lens  as  a  clear  hyaline  rod  (r.).  The  cuticle  of  the 
general  aurfece  passes  over  the  eye,  and  a  continuation  of  the 
epidermis,  with  its  cells  somewhat  flattened,  constitutes  the 
cornea  (to.). 

The  organs  which  are  supposed  to  perform  the  function  of 
excretion  are  a  series  of  metamerically  arranged  pairs  of  tubes, 
the  segmental  ofgansornephridia  (Figs.  321  and322,  nepA.,Fig.  325 
occurring  in  all  the  segments  of  the  body.  The  nephridium 
consists  of  two  parts — a  body  and  a  narrow  anterior  prolongation. 


The  body  is  of  an  irregular  oval  shape  directed  nearly  transversely, 
but  slanting  somewhat.  The  outer  end,  situated  in  the  base  of 
the  parapodium  near  its  middle,  is  much  the  narrower.  The  inner 
end  is  continiious  with  a  narrow  prolongation  about  equal  in 
length  to  the  body,  which  runs  fonvards  and  inwards  to  become 
attached  to  the  mesentery.  The  external  opening  or  nephri- 
diopore  {cj.-l.  op.)  is  a  fine  circular  pore  capable  of  being  widened  or 
contracted,  .situated  on  the  ventral  surface  not  far  from  the  base 
of  the  ventral  cirrus.  This  leads  into  a  canal  which  runs  through 
the  anterior  prolongation  to  its  extremity,  where  it  bends  sharply 
back  again  and  runs  to  the  body,  through  which  it  pursues  an 
extrenifly  tortuous  course  to  the  outer  end,  and  then  bends  back 
again  and  nins  in  the  anterior  prolongation  to  the  extremity  of 
the  latter,  where  it  opens  into  the  coelome  through  a  ciliated  bell  or 
funnel  (fvii.),  the  ncphrostome,  projecting  through  the  mesentery 
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Nereis  dumerilii  is  aai  extremely  variable  species.  If  we 
compare  a  number  of  specimens,  we  find  numerous  individual 
differences  between  them.  The  most  striking  of  these  are 
differences  of  colour  and  of  the  number  of  segments  in  the  body  ; 
but  a  careful  examination  reveals  many  other  points  in  which 
individuals  differ.  Thus  the  precise  form  of  the  lobes  of  the 
parapodia  varies,  together  with  the  number  of  setae  in  the  two 
bundles ;  so  also  do  the  relative  length  of  the  tentacles,  the 
number  of  teeth  on  the  jaws,  and  the  number  and  arrangement 
of  the  denticles  in  the  pharynx.  Not  only  are  such  individual 
differences  common,  but  the  species  occurs  in  twa  distinct  forms 
or  phases,  which  differ  from  one  another  so  widely  that  they  have 
been  referred  to  distinct  genera.  One  of  these  is  the  Nereis  p?uise, 
which  is  that  described  m  the  preceding  paragraphs.  A  Nereis 
dumerilii  may  become  sexually  mature  in  this  form,  or  may  first 
undergo  a  series  of  changes  by  which  it  becomes  converted  into 
the  second  or  Heteronereis  phase  (Fig.  318,  B),  The  principal 
changes  which  take  place  during  this  metamorphosis  are  a  great 
increase  in  the  size  of  the  eyes,  and  a  great  modification  of  the 
parapodia  in  the  posterior  portion  of  the  body,  the  lobes  becoming 
larger  and  more  leaf-like,  and  the  setae  of  the  Nereis  becoming 
supei'seded  by  others  which  are  considerably  longer,  more  nume- 
rous, and  somewhat  oar-shaped.  The  Heteronereis,  instead  of 
creeping  about  on  the  bottom,  swims  about  actively  through  the 
water  by  wriggling  movements  of  the  body  combined  with  active 
paddling  movements  of  the  parapodia  with  their  long  setae.  After 
a  time  the  Heteronereis,  like  the  Nereis,  becomes  sexually  mature, 
developing  ova  and  sperms,  the  latter  of  which  differ  remarkably 
in  shape  from  those  of  the  Nereis  phase. 

Development. — The  egg  of  Nereis  when  first  discharged  is 
enclosed  in  a  transparent  thick  gelatinous  envelope,  within  which 
are  two  membranes — an  outer  very  thin  and  delicate,  and  an  inner 
(zoTia  radiata)  thicker  and-  very  distinctly  striated  in  a  radial 
direction.  The  protoplasm  of  the  ovum  contains  a  number  of 
oil-drops  and  yolk-spherules.  When  fertilisation  takes  place 
the  yolk-spherules  move  away  from  what  is  destined  to  become 
the  upper  pole  of  the  egg,  leaving  a  polar  area  composed  of 
granular  protoplasm.  The  zona  radiata  disappears,  and  the 
contents  of  the  ovum  undergo  for  a  time  amoeboid  changes  of 
form.  Then  the  spherical  form  is  reassumed,  two  small  bodies — 
the  polar  globules — are  thrown  off  at  the  upper  pole,  and  the  process 
of  segmentation  (Fig.  326)  begins.  Up  to  a  fairly  advanced 
stage  this  corresponds  very  closely  with  the  segmentation  of  the 
Polyclad  oosperm  as  described  on  page  256.  The  oosperm  divides 
first  into  two  parts,  then  into  four.  From  these  four  cells — the 
megameres — there  are  separated  off  in  succession  three  sets  of 
micromeres,  making  twelve  in  all.     One  of  these,  belonging  to  the 
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is  a  well-developed  blood-vascular  system  in  the  majority  of  the 
Chsetopoda;  and  organs  of  respiration  in  the  form  of  gills  or 
branchiae  are  usually  developed.  The  excretory  organs  are  in  the 
form  of  segmentally  arranged  pairs  of  tubes,  the  nephridia.  The 
nervous  system  consists  of  a  bilateral  principal  ganglion  or  brain, 
situated  in  the  prostomium,  and  a  double  chain  of  ganglia  extend- 
ing throughout  the  body.  The  sexes  are  in  some  distinct,  in  others 
united.     When  a  definite  larval  form  occurs  it  is  a  Trochospherc. 


B 


1.  Examples  of  the  Class. 

a.  Nereis  dumei^Uii} 

General  External  Features. — Various  species  of  Nereis  occur 
abundantly  between  tide-marks  on  the  sea-shore,  under  stones,  and 

among  sea-weed  in  all  parts  of  the 
world.  The  worm  varies  consider- 
ably in  colour  even  in  the  same 
species,  the  diflFerences  being  partly 
due  to  diflFerences  in  the  stage  of 
development  of  the  sexual  ele- 
ments. In  iV.  dumeHlii  the  pre- 
vailing colour  is  some  shade  of 
violet,  with  a  blush  of  red  in  the 
more  vascular  parts  due  to  the 
bright  red  colour  of  the  blood.  In 
shape  (Fig.  318)  the  body,  which 
may  be  about  7  or  8  centimetres 
in  length,  is  long  and  narrow, 
approximately  cylindrical,  some- 
what narrower  towards  the  pos- 
terior end.  A  very  distinct  head, 
bearing  eyes  and  tentacles,  is  re- 
*  cognisable  at  the  anterior  end; 
the  rest  is  divided  by  a  series  of 
ring-like  narrow  grooves  into  a 
corresponding  series  of  segments  or 
metameres,  which  are  about  eighty 
in  number  altogether;  and  each 
of  these  bears  laterally  a  pair  of 
movable  muscular  processes  called 
the  parapodia,  provided  with 
bundles  of  bristles  or  seta\  The 
head  (Fig.  321)  consists  of  two 
parts,   the  prostomium    (prcest.)   and    the    pcristomium   (perist.). 

^  Though  Nereis  dumerUii  is  here  named  as  the  example,  and  the  majority  of 
the  figurcH  refer  specially  to  that  species,  the  description  given  would  apply 
almost  ecjually  well  to  a  considerable  number  of  species  of  the  genus. 


Fio.  818.— Nereis  dninerllii.  Natural 
size.  A,  Ntrti*  phase ;  B,  Htteronereit 
phase.    (Alter  ClaparMo.) 
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The  former  bears  on  its  dorsal  surfece  four  large  rounded  eyes 
in  front  a  pair  of  short  cylindrical  tentacks  {UiU.),  and  further  hack 
a  pair  of  somewhat  longer 
ifonciiT  stout   appendages    or  paipi 

(palp.).  The  peristoviitim, 
which  bears  some  resem- 
blance to  the  segments  of  the 
body,  though  wanting  the 
parapodia,  bears  laterally 
four  paiiH  of  long  slender 
cylindrical  tentacles  (perwt. 
tent.):  on  its  ventral  aspect 
Fio.  Bi9.-N«r«iB  dtunaruii.   A  .Ingle  pom-       {g   a   transverselv  elongated 

podium  niBgiitflBd :  ac.  aclculum ;  don,  (.it.  -  iL  \^  p  j.u 

Jomi  cinui :  ikhtc.  nsurapodium ;  nolo,  noto-       aperture,  the  aperture  of  the 

go^^u«^™..  cim  ..ntnd  ci™,    (Aiur      ^^^^^    The  Segments  of  the 

body  differ  little  in  external 

characters  from  one  another  throughout  the  length  of  the  worm. 

Each  bears  laterally  a  pair  of  pampodia,  which  in  the  living  animal 

are  usually  in  active  movement,  aiding  in 

creeping,  or  acting  as  a  series  of  oars  for 

propelling  it   through    the   water.      When 

one  of  the  parapodia  (Fig.  319)  is  examinwl 

more  attentively  it  is  found  to  be  iii-amous, 

or  to  consist  of  two  distinct   divisions — a 

dorsal,  which    is   termed    the    iwiopodiutn 

(nolo.),  and  a  ventral,  which  is  termed  the 

neuropodium   (neuro.).     Each    of    these    is 

further  subdivided  into  several  lobes,  and 

each  bears  a  bundle  of  setie.     Each  of  the 

bundles  of  setae  is  lodged  in  a  sac  formed 

by  invagination  of  the  epidermis,  the  setigcr- 

o%ts  sac,  and  is  capable  of  being  protruded 

or  retracted  and  turned  in  various  directiims 

by  bundles  of  muscular  fibres  in  the  interior 

of  the  parapodium.     In  each  bundle  there 

is,  in  addition  to  the  ordinaiy  setse,  a  stouter. 

straight,  dark-coloured  seta  lac),  the  pointo<l 

apex  of  which  projects  only  a  short  distance 

on  the  surface ;  this  is  termed  the  aciculum. 

The  ordinary  setse  (Fig.  320}  are  exceedingly 

fine,  but  stiffish,  chitmous  rod-s,  of  which 

two  principal  kinds    are  recognisable ;  both 

have  a  terminal  hlade  articulating  with  the 

main  shaft  of  the  seta  by  a  distinct  joint ; 

but  in  the  one  variety  the  shaft  of  the  seta 

is  finer  than   in  the  other,  and  the  terminal  blade  long,  slender, 

and  nearly  straight,  whereas  in  the  other  variety  it  is  short  and 
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to  the  wall  of  the  buccal  cavity  and  pharj-D 
bands  or  sheets  of  muscle, 
the  protractor  mutdes,  by 
the  contraction  of  which 
this  anterior  part  of  the 
alimentary  canal  is  capable 
being    everted 


:  are  a  number  of 


proboscis  until  the  jaws  a 

thrust 

dered 


thrust  forth  and  thus  ren- 


brought  to  bear  on  some 
small  living  animal,  or 
frt^ment  of  animal  matter, 
to  be  seized  and  swallowed 
as  food.  The  proboscis  is 
withdrawn  again  by  a 
refractor  sheet  of  muscle, 
which  passes  inwards  and 
forwards  to  be  inserted 
into  the  wall  of  the  ali- 
mentary' canal  at  the  junc- 
tion of  the  pharynx  and 
oesophagus. 

Into  the  cesophagus  open 
a  pair  of  large  unbranched 
glandular  pouches,  or  cccca 
{ffl.},  which  probably  are 
of  the  nature  of  digestive 
glands.  The  intestine  (int.) 
IS  a  straight  tube  of  nearly 
uniform  character  through- 
out, regularly  constricted 
between  the  segments — 
the  constrictions  becoming 
much  deeper  towards  the 
posterior  end  of  the  body. 
The  part  of  the  intestine 
which  lies  in  the  last 
segment  is  termed  the 
rectum. 

The  wall  of  the  ali- 
mentary canal  (Fig.  322) 
consists  (1)  of  the  visceral 
layer  of  the  peritoneum 
(vise. peri.):  (2)of  a  layerof 

longitudinal  muscular  fibres  (long,  mvs.) ;  (3)  of  a  layer  of  circular 
muscular  fibres  (circ.  mits.) ;  (4)  of  the  enteric  epithelium  (ent.  ep.), 


paipip 


I.  \Ktfinn\iie  oi  iutAHtiDO  ;  nt-  eo. 
[<x;  pir.  liiaryni  with  iu  Jswi; 


MiHt4^iltli  nt  fXimtt'mi,  long,  narrow  celliL  To  these  layers  is  super- 
iiMtii  jfj  t()«  \nmti\  Cftvity  and  the  pharynx  an  internal  chitinous 
KUiiuiu,  mniUMuwt  with  that  of  the  general  outer  surfece. 

\itfva\n\miau\A\\y  tht<  tmccal  cavity  and  the  pharynx  constitute 
itfu  utittHm/itum,  th"  roctuni  tho  proetodceam,  the  rest  of  the  alimen- 
M>fv  wiittl  tho  mrnrnteron. 

Tllf  Wtlll  of  tlw  bedj  contiisbs  of  a  cuticle,  an  epidermis  or 
liurli'  ti|ijl|)t'liiiiil,  iiuiiumlar  Uycn,  and  the  parietal  layer  of  the 
((HI')Milluill(l  I'Hl'ur'nHl  Ut  above.    The  cuticle  (cut.)  is  a  thin  chitinous 


ftfiPlff^ 


llUH  i  ato,  M,  >w^l^■(i^l^«»lJ  H 

tMw4  ><f  rvn^««tt  ^^^^w>^»lll. 

l*.Vi^'  *htoh  t«\htb«u  w*  iriik'Avnt  lusltv  dwo  t,i  iho  }Mvsi--iKie  rf 

wm«lo  >v)wv«i(^  ihc  ,*^ui^  vtf  iJti-  ,-pidt>rn«l  d*"-!^     The 
w^vtttv'tttttk  vtyi"*  is  \vr\  )lrt«,  «-.\\vw  .i«i  iJk>  \x-mraJ  Mirfs.^',  where 

;t)«tt)t>U\tl  .i*v  l)"''  Xi'AMriO  sat^v,  \wn>i~«l*i^y  ihwt  iht  hfti*-^^  itf  i3»e 
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internal  in  which  they  run  longitudinally.  The  latter  is  not  a 
continuous  layer,  but  consists  of  four  bundles  of  fibres,  two  dorso- 
lateral {dors,  long,  mris.)  and  two  ventro-lateral  (vent.  long.  mus.). 

Nereis  has  a  well-developed  system  of  vessels  filled  with  blood 
of  a  bright  red  colour*  A  main  dorsal  vessel  (Figs.  321  and  322, 
dcrs,  ves?)  runs  fi-om  one  end  of  the  body  to  the  other  above  the 
alimentary  canal,  and  is  visible  in  places  through  the  body- wall  in 
the  living  animal.  It,  as  well  as  the  majority  of  the  vessels,  un- 
dergoes contractions  which  are  of  a  peristaltic  character — waves  of 
contraction  passing  along  the  wall  of  the  vessel  so  as  to  cause  the 
movement  of  the  contained  blood.  These  peristaltic  contractions 
are  more  powerful  in  the  case  of  the  dorsal  vessel  than  in  that  of 
any  of  the  others,  and  run  with  great  regularity  fi:om  behind  for- 
wfiixis,  so  as  to  drive  a  current  of  blood  in  that  direction.  The 
contractions  are  brought  about  partly  by  a  series  of  muscular  fibres 
which  are  arranged  in  rings  round  the  wall  of  the  vessel  at  short 
intervals ;  but  the  wall  of  the  vessel  is  itself  contractile. 

Along  the  middle  of  the  ventral  surface  below  the  alimentary 
canal  runs  another  large  longitudinal  vessel,  the  ventral  vessel  (vent, 
ves.),  in  which  the  current  of  blood  takes  a  direction  fi-om  before 
backwards.  Connecting  the  dorsal  and  ventral  vessels,  there  are  in 
each  segment  two  pairs  of  loop-like  transverse  vessels  which  give 
off  branches  to  the  parapodia,  the  alimentary  canal,  and  neighbour- 
ing parts.  Some  of  these  branches  communicate  with  plexuses 
of  fine  vessels  in  the  interior  of  the  lobes  of  the  parapodia  and  in 
the  integument  of  the  dorsal  surface,  and  with  dilatations  or  sinuses 
situated  in  the  bases  of  the  parapodia.  A  delicate  longitudinal 
neural  vessel  accompanies  the  nerve-cord. 

Nereis  is  devoid  of  anv  branchice ;  but  there  can  be  little  doubt 
that  the  lobes  of  the  feet  with  their  rich  blood-supply,  and  the 
areas  of  integument  occupied  by  plexuses  of  blood-vessels,  subserve 
the  function  of  respiration. 

There  is  a  well-developed  nervous  system  (Fig.  323)  which  is 
bilateral  and  metameric  in  its  arrangement,  like  the  other  systems 
of  organs.  Situated  in  the  prostomium  is  a  large  bilobed  mass 
of  nerve-matter  containing  numerous  nerve-cells,  the  cereh^al 
ganglion  or  brain  (c).  This  gives  off  tentacular  nerves  to  the  tentacles 
and  palpi,  and  two  pairs  of  short  thick  optic  nerves  to  the  eyes. 
Behind,  two  thick  nerve-strands,  the  oesophxigeal  connectives  (d),  curve 
round  the  mouth  in  the  peristomium  to  meet  on  the  ventral 
aspect  behind  the  mouth  and  below  the  pharynx.  The  oesopha- 
geal connectives,  with  the  cerebral  ganglion,  thus  form  a  ring 
around  the  anterior  part  of  the  enteric  canal.  Running  back- 
wards from  the  point  of  union  of  the  oesophageal  connectives, 
along  the  entire  length  of  the  body  of  the  worm,  on  the  ventral 
aspect,  is  a  thick  cord  of  nerve-matter,  the  ventral  nerve-cord  (h) 
In  each  segment  this  cord  presents  a  little  dilatation  from  which 
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direction.  The  outer  end  of  each  cell  narrows  into  a  nerve-fibre 
forming  part  of  the  optic  nerve ;  near  this  end  is  a  nucleus ;  the 
main  body  of  the  cell  is  densely  pigmented  ;  the  inner  part  projects 
towards  the  lens  as  a  clear  hyaline  rod  (t-.).  The  cuticle  of  the 
general  sur&ce  passes  over  the  eye,  and  a  continuation  of  the 
epidermis,  with  its  cells  somewhat  flattened,  constitutes  the 
cornea  (co.). 

The  organs  which  are  supposed  to  perform  the  function  of 
excretion  are  a  series  of  metamerically  arranged  pairs  of  tubes, 
the  segmental  orgatis  oTnephridia(Yi^.  321  and  322,  ?iepA.,  Fig.  325 
occurring  in  all  the  segments  of  the  body.  The  nephridium 
consists  of  two  parts— a  body  and  a  narrow  anterior  prolongation. 


ol  rods :  ri.  ntlua.    (Allsr  Audrew 


The  body  is  of  an  irregular  oval  shape  directed  nearly  trans verselj-, 
but  slanting  somewhat.  The  outer  end,  situated  in  the  base  of 
the  pfti-aj)odiuni  near  its  middle,  is  much  the  narrower.  The  inner 
end  is  continuous  with  a  narrow  prolongation  about  equal  in 
length  ti)  the  body,  which  runs  fonvards  and  inwards  to  become 
attached  to  the  mesentery.  The  external  opening  or  nephri- 
diopore  ('■.'•/.  o}}.)  is  a  fine  circular  pore  capable  of  being  widened  or 
contracttd  situated  on  the  ventral  surface  not  far  from  the  base 
of  the  Mutral  cirrus.  This  leads  into  a  canal  which  runs  through 
the  anttnor  prolongation  to  its  extremity,  where  it  bends  sharply 
back  agam  and  runs  to  the  body,  through  which  it  pursues  an 
extremeh  tortuous  course  to  the  outer  end,  and  then  bends  back 
agam  and  runs  in  the  anterior  prolongation  to  the  extremity  of 
the  latter,  where  it  opens  into  the  ccelonie  through  a  ciliated  bell  or 
funnel  (/"«.\  the  nephrostome,  projecting  through  the  metenterj- 
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iiitlu  the  cavity  of  the  segment  next  in  front  of  that  in  which  the 
tmiiy  uf  the  organ  lies.  Throughout  its  course  the  canal  is  exca- 
vutwl  in  a  mass  of  nucleated  material  of  a  granular  character  not 
(liMtiiiguishable  into  cells. 

Ni^ruis  is  unisesual.  The  ■ezual  element*,  ova  or  sperms, 
aru  foriiicii  from  temporary  masses  of  cells,  ovaries  or  testes,  which 
aru  (lovulopecl  towanls  the  breeding  season  by  a  proliferation  of 
tht)  oolU  ol  the  membrane  (peritoneum)  lining  the  ctfilome  and  the 
structures  it  contains.  In  Nereis 
dumerilii  there  is  in  the  male 
only  a  single  pair  of  these 
proliferating  masses  of  cells 
(testet),  situated  in  one  of  the 
s^ments  between  the  nine- 
teenth and  the  twenty-fiflh. 
These,  during  the  season  of  their 
active  development,  give  off 
groups  of  cells  which  become 
disseminated  throughout  the 
ccelomic  fluid.  The  original 
cells  (mother-cells)  undergo 
division  into  smaller  cells,  each 
of  which  develops  into  n  sperm 
with  a  minute  rod-shapod  head 
and  a  long  vibratile  flagellum 
or  tail.  In  the  female  the 
ovaries  (Fig.  322,  or.),  foniied  by 
a  similar  process  of  prolifera- 
tion, take  the  form  of  rounded 
masses  of  cells,  metamerically 
arranged,  surrounding  the  prin- 
cipal vessels  throughout  the 
length  of  the  body.  The  young 
ova  become  detache<I  from  the 
ovaries,  and  attain  their  full  de- 
velopment while  floating  about 
in  the  ccelomic  fluid.  Both 
ovaries  and  testes  dwindle  after  they  have  given  ofl"  the  sexual 
cells,  and  at  the  non-breeding  season  of  the  vear  are  nut  to  be 
detected. 

Ova  and  sperms,  when  fully  ripe,  are  discharge*!,  reaching  the 
extt'rior,  in  the  case  of  the  sperms  probably  through  the  nephridia, 
in  the  ctise  of  (he  ova,  which  are  much  too  large  to  p-iss  out  in 
this  wny,  probably  through  apertures  temporarily  formed  by 
nipturi'  of  t  no  body- wall ;  and  impregnation  takes  place  by  contact 
biitwiH-n  the  two  set--*  of  elements  while  floating  freely  in  the 
sea -water. 
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Nereis  dumerilii  is  an  extremely  variable  species.  If  we 
compare  a  number  of  specimens,  we  find  numerous  individual 
dilTerences  between  them.  The  most  striking  of  these  are 
diflFerences  of  colour  and  of  the  number  of  segments  in  the  body  ; 
but  a  careful  examination  reveals  many  other  points  in  which 
individuals  differ.  Thus  the  precise  form  of  the  lobes  of  the 
parapodia  varies,  together  with  the  number  of  setae  in  the  two 
bundles ;  so  also  do  the  relative  length  of  the  tentacles,  the 
number  of  teeth  on  the  jaws,  and  the  number  and  arrangement 
of  the  denticles  in  the  pharynx.  Not  only  are  such  individual 
differences  common,  but  the  species  occurs  in  two  distinct  forms 
or  pJuises,  which  differ  from  one  another  so  widely  that  they  have 
been  referred  to  distinct  genera.  One  of  these  is  the  Nereis  pJuise, 
which  is  that  described  m  the  preceding  paragraphs.  A  Nereis 
dumerilii  may  become  sexually  mature  in  this  form,  or  may  first 
undergo  a  series  of  changes  by  which  it  becomes  converted  into 
the  second  or  Heteronereis  phase  (Fig.  318,  B).  The  principal 
changes  which  take  place  during  this  metamorphosis  are  a  great 
increase  in  the  size  of  the  eyes,  and  a  great  modification  of  the 
parapodia  in  the  posterior  portion  of  the  body,  the  lobes  becoming 
larger  and  more  leaf-like,  and  the  setae  of  the  Nereis  becoming 
superseded  by  others  which  are  considerably  longer,  more  nume- 
rous, and  somewhat  oar-shaped.  The  Heteronereis,  instead  of 
creeping  about  on  the  bottom,  swims  about  actively  through  the 
water  by  wriggling  movements  of  the  body  combined  with  active 
paddling  movements  of  the  parapodia  with  their  long  setae.  After 
a  time  the  Heteronereis,  like  the  Nereis,  becomes  sexually  mature, 
developing  ova  and  sperms,  the  latter  of  which  differ  remarkably 
in  shape  from  those  of  the  Nereis  phase. 

Development. — The  egg  of  Nereis  when  first  discharged  is 
enclosed  in  a  transparent  thick  gelatinous  envelope,  within  which 
are  two  membranes — an  outer  very  thin  and  delicate,  and  an  inner 
(zona  radiata)  thicker  and-  very  distinctly  striated  in  a  radial 
direction.  The  protoplasm  of  the  ovum  contains  a  number  of 
oil-drops  and  yolk-spherules.  When  fertilisation  takes  place 
the  yolk-spherules  move  away  from  what  is  destined  to  become 
the  upper  pole  of  the  egg,  leaving  a  polar  area  composed  of 
granular  protoplasm.  The  zona  radiata  disappears,  and  the 
contents  of  the  ovum  undergo  for  a  time  amoeboid  changes  of 
form.  Then  the  spherical  form  is  reassumed,  two  small  bodies — 
the  polar  globules — are  thrown  off  at  the  upper  pole,  and  the  process 
of  segmentation  (Fig.  326)  begins.  Up  to  a  fairly  advanced 
stage  this  corresponds  very  closely  with  the  segmentation  of  the 
Polyclad  oosperm  as  described  on  page  256.  The  oosperm  divides 
first  into  two  parts,  then  into  four.  From  these  four  cells — the 
megarmres — there  are  separated  off  in  succession  three  sets  of 
micromereSj  making  twelve  in  all.     One  of  these,  belonging  to  the 
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is  a  well-developed  blood-vascular  system  in  the  majority  of  the 
Chaetopoda;  and  organs  of  respiration  in  the  form  of  gills  or 
branchiae  are  usually  developed.  The  excretory  organs  are  in  the 
fonn  of  segmentally  arranged  pairs  of  tubes,  the  nephridia.  The 
nervous  system  consists  ot  a  bilateral  principal  ganglion  or  brain, 
situated  in  the  prostomium,  and  a  double  chain  of  ganglia  extend- 
ing throughout  the  body.  The  sexes  are  in  some  distinct,  in  others 
united.     When  a  definite  larval  form  occurs  it  is  a  Trochospherc. 


// 
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1.  Examples  of  the  Class. 

a.  Nereis  dumerilii} 

General  External  Features. — Various  species  of  Nereis  occur 
abundantly  between  tide-marks  on  the  sea-shore,  under  stones,  and 

among  sea-weed  in  all  parts  of  the 
world.  The  worm  varies  consider- 
ably in  colour  even  in  the  same 
species,  the  diflFerences  being  partly 
due  to  diflFerences  in  the  stage  of 
development  of  the  sexual  ele- 
ments. In  N,  dumerilii  the  pre- 
vailing colour  is  some  shade  of 
violet,  with  a  blush  of  red  in  the 
more  vascular  parts  due  to  the 
bright  red  colour  of  the  blood.  In 
shape  (Fig.  318)  the  body,  which 
may  be  about  7  or  8  centimetres 
in  length,  is  long  and  narrow, 
approximately  cylmdrical,  some- 
what narrower  towards  the  pos- 
terior end.  A  very  distinct  head^ 
bearing  eyes  and  tentacles,  is  re- 
■  cognisable  at  the  anterior  end ; 
the  rest  is  divided  by  a  series  of 
ring-like  narrow  grooves  into  a 
corresponding  series  of  segments  or 
metameres,  which  are  about  eighty 
in  number  altogether;  and  each 
of  these  bears  laterally  a  pair  of 
movable  muscular  processes  called 
the  parapoditty  provided  with 
bundles  of  bristles  or  setcc.  The 
head  (Fig.  321)  consists  of  two 
parts,   the  prostomium    (prcest.)   and    the   peristomium   {perist.). 

^  Though  Nereis  dumerilii  is  here  named  as  the  example,  and  the  majority  of 
the  tigures  refer  specially  to  that  species,  the  description  given  would  apply 
almost  e<iually  well  to  a  considerable  number  of  species  of  the  genus. 


Fio.  818.— Nereis  dvmeiilil.  Natural 
sixe.  A,  iVVm«  phase ;  B,  Ueteronercit 
phase.    (After  ClaparMe.) 
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The  former  bears  on  ita  dorsal  surface  four  large  rounded  eyes 

in  front  a  pair  of  short  cylindrical  tentacles  (tcTit.).  and  further  Imck 
a  pair  of  somewhat  longer 
stout  appendages  or  palpi 
(palp.).  The  peristomium, 
which  bears  some  resem- 
blance to  the  segments  of  the 
body,  though  wanting  the 
parapodia,  bears  laterally 
tour  pairs  of  long  slender 
cylincfrical  tentacles  (perist. 
tent):  on  its  ventral  aspect 
is  a  transversely  elongated 
aperture,  the  aperture  of  the 
mouth.  The  segments  of  the 
body  diflFer  little  in  external 

characters  from  one  another  throughout  the  length  of  the  worm. 

Each  bears  laterally  a  pair  of  parapodia,  which  in  the  living  animal 

are  usually  in  active  movement,  aiding  in 

creeping,  or  acting  as  a  series  of   oars  for 

propelling  it   through    the   water.      When 

one  of  the  parapodia  (Fig.  319)  is  examinttl 

more  attentively  it  is  found  to  be  hh-ariKnis, 

or  to  consist  of  two  distinct   divisions — a 

dorsal,  which    is    termed    the    notopodiuvi 

[noto),  and  a  ventral,  which  is  termetl  the 

neuropodium   (neuro.).      ELach    of    these    is 

further  subdivided  into   several  lobes,  and 

each  bears  a  bundle  of  set».     Each  of  the 

bundles  of  setse  is  lodged  in  a  sac  formed 

by  invagination  of  the  epidermis,  the  setigcr- 

otis  sac,  and  is  capable  of  being  protnided 

or  retracted  and  turned  in  various  directions 

by  bundles  of  muscular  fibres  in  the  interior 

of  the  parapodium.  In  each  bundle  then- 
is,  in  addition  to  the  ordinary' setfe,  a  stouter. 

straight,  dark -coloured  seta  (ac.),  the  pointed 

apex  of  which  projects  only  a  short  distance 

on  the  surface;  this  is  termed  the  nciculinn. 

The  ordinary  setse  (Fig.  320)  are  exceedingly 

fine,  but  stiffish,  chitinous  rods,  of  which 

two  principal  kinds    are  recognisable ;  both 

have  a  terminal  blade  articulating  with  the 

main  shaft  of  the  seta  by  a  distinct  joint;       t^-i'  iMut  c&jlxr^^wT^' 

but  in  the  one  variety  the  shaft  of  the  seta 

is  finer  than  in  the  other,  and  the  terminid  blade  long,  slender 

and  nearly  straight,  whereas  in  the  other  variety  it  is  short  ami 
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slightly  hooked.  On  the  dorsal  side  of  the  parapodium  is  a.  short 
cylindrical,  tentacle-like  appendage,  the  dorsal  drnts  (Fig.  319, 
dors,  cirr.),  and  a  similar,  somewhat  shorter,  appendage,  the  ventral 
cirrus  (vent,  drr.),  is  situated  on  its  ventral  side.  The  last  seg- 
ment of  the  body,  the  anal  gegmaU,  bears  posteriorly  a  small 
rounded  aperture,  the  uiuis;  this  segment  is  devoid  of  parapodia, 
but  bears  a  pair  of  appenc^tges,  the  annl  cjjtt,  similar  in  character 
to  the  cirri  of  the  ordinary  segments,  but  considerably  longer. 

On  the  ventral  surface,  near  the  bases  of  the  parapodia,  there  is 
in  each  segment  a  pair  of  very  fine  apertures,  the  openings  of  the 
nephridia. 

The  enteric  canal  is  a  straight  tube  ninning  throughout  the 
length  of  the  body  from  the  moiith  to  the  anus.     Between  the 
outer  surface  of  this  tube  and  the  inner  surface  of  the  wall  of  the 
body  is  a  considerable  space — the  ccslome,  hodi)  cnviiy.  or  jieW- 
viaeerat  cavity — filled  with  a  fluid,  the  ccelomk  Jlitid.     The  walls 
of  the  cffilome  (Fig.  322)  are  lined  with  a  thin  membrane,  the 
eeslomic  qniktliuni  or  peritontum,  of  which  the  outer  layer — that 
L   liniiig  the  body-wall — is  the  parietal  layer  (par.  pen.},  that  cover- 
■  ing  the  outer  surface  of  the  alimentary  canal  the  splanchnic  or 
Wvuceral  layer  (vise.  peri.).   The  space  is  divided  by  a  series  of  tmns- 
'    verse  partitions  or  septa  passing  inwards  from  the  body-wall  to  the 
wall  of  the  alimentary  canal   opposite  the  grooves  between  the 
segments,  and  thus  dividing  the  ccelome  into  a  series  of  chambers, 
each  of  which  corresponds  to  one  of  the  segments.     These  parti- 
tions are  not  complete,  snaces  being  left  around  the  alimentary 
canal    and    elsewhere,   tnrough    which    neighbouring    chambers 
communicate. 

The  mouth  leads  into  a  wide  cavity,  the  buccal  cavity,  con- 
tinued back  into  a  j'hari/nx  (Fig.  321,  pA.)  These  two  chambers 
extend  through  the  peristomium  and  the  first  to  the  fourth  seg- 
ments of  the  body.  They  are  lined  with  a  tolerably  thick  cuticle, 
continuous  with  a  similar  layer  lining  the  outer  surface  of  the  body, 
and  in  the  pharj-nx  are  a  number  of  verj-  small  dark  brown  chitinous 
deiUides,  wnich  are  very  regularly  arranged.  The  posterior  part 
of  the  pharyns  (daUary  region)  has  very  thick  walls  composed  ot 
bundles  of  muscular  fibres,  which  are  concerned  in  the  movements 
of  a  pair  of  laterally  placed  chitinous  jaws.  Each  jaw  is  elongated 
in  the  direction  of  the  longaxiaofthe  body,  rounded  at  the  posterior 
end  or  base,  where  it  is  embedded  in  muscle,  pointed  at  the  apex. 
which  is  strongly  incurved ;  the  inner  edge  is  divided  into  a 
number  of  strong  serrations  or  teeth :  the  whole  jaw  might  be 
compared  to  a  pnming-hook  with  its  cutting  edge  deeply  seiTated. 
Behind  the  pharynx  the  alimentary  canal  narrows  considerably 
to  form  a  tube,  the  asophagus  (tes.),  which  runs  through  about  five 
segments  to  open  into  the  intestine. 

Running  backwanl^  and  inwai-ds  from  the  wall  of  the  peristomium 
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The  body-waU  (Fik.  330)  consists  of  a 
cuticle,  an  tpidermis  or  dcric  cjnl/ulium,  a 
dermis,  miisatlar  layers  with  associated  con- 
nective-tissue, and,  lining  the  inner  surtace, 
a.  thin  cellular  membrane,  the  peritoneum  ur 
aelomif:  fjiithelium.  The  cuticU  {mt.)  is  similar 
to  thtit  of  Kereis,  and  has  a  similar  iridescent 
lustre;  it  is  perforated  by  numerous  minute 
apertures.  The  epidermis  consists,  except  on 
the  clitellum,  of  a  single  layer  of  cells 
elongated  in  the  vertical  direction :  many  of 
these  cells  have  the  character  of  unicellular 
glands ;  many  others  are  nerve-cells,  and  are  "^  ^ 

connected  by  fine  nerve-fibres  with  the  nerve-      «ii^"igi,i"m«K"ifl"T' 
cord.      Qn   the    clitellum    the    epidermis    is 
thickened,  and   blood-vessels  extend  between  the  cells.      Below 
the  epidermis  is  a  layer  of  connect ive-tissuf.   the   dei-mis.     The 
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muscular  fibres  which  make  up  the  greater  part  of  the  thickness 
of  the  body-wnll  are  aixanged  in  two  jn'incipal  sets — a  layer  of 


consisting  of  close-set,  long,  narrow  cells.  To  these  layers  is  super- 
added in  the  buccal  cavity  and  the  pharynx  an  internal  chitinous 
cuticle,  continuous  with  that  of  the  general  outer  surface. 

Developmental  ly  the  buccal  cavity  and  the  pharynx  constitute 
the  stomodwmn,  the  rectum  the  proctodctitm,  the  rest  of  the  alimen- 
tary canal  the  meaenteron 

The  wall  of  the  body  consists  cf  a  cuticle,  an  epidermis  or 
dene  epithelium  musculir  layers  and  the  parietal  layer  of  the 
pentoneum  referred  to  above     The  cutiLle  {ciU.)  is  a  thin  chitinous 
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layer  which  exhibits  an  iridescent  lustre  due  to  the  presence  of 
two  intersecting  systems  of  line  lines ;  it  is  perforated  by  numerous 
minute  openings,  the  openings  of  the  epidermal  glands.  The 
epidermis  (cp.)  is  very  thin,  except  on  the  ventral  surface,  where 
it  becomes  considerably  thickened.  It  consists  of  a  layer  of  cells 
containing  numerous  twisted  unicellular  glands,  which  are  most 
abundant  on  the  ventral  sur^e,  particularly  near  the  bases  of  the 
parapodia ;  on  the  dorsal  surface  the  epidermis  contains  plexuses 
of  fine  blood-vessels.  The  muscular  layers  are  two  in  number — 
an  external  in  which  the  fibres  run  circularly  {circ.  mws.),  and  an 
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internal  in  which  they  run  longitudinally.  The  latter  is  not  a 
ocmtinuous  layer,  but  consists  of  four  bundles  of  fibres,  two  dorso- 
lateral (dors.  long,  mus.)  and  two  ventro-lateral  (vent  long.  mus.\ 

Nereis  has  a  well-developed  system  of  TeBsels  filled  with  blood 
of  a  bright  red  colour.  A  main  dor$al  vessel  (^Figs.  321  and  322, 
dors,  ves^  runs  from  one  end  of  the  body  to  the  other  above  the 
alimentary  canal,  and  is  visible  in  places  through  the  body-wall  in 
the  living  animal.  It,  as  well  as  the  majority  of  the  vessels,  un- 
dergoes contractions  which  are  of  a  pertst^iltic  character — waves  of 
contraction  passing  along  the  wall  of  the  vessel  so  as  to  cause  the 
movement  of  the  contained  blood.  These  peristaltic  contractions 
are  more  powerful  in  the  case  of  the  dorsal  vessel  than  in  that  of 
any  of  the  others,  and  run  with  great  regularity  from  behinil  for- 
wwis,  so  as  to  drive  a  current  of  blood  in  that  direction.  The 
contractions  are  brought  about  partly  by  a  series  of  muscular  fibres 
which  are  arranged  in  rings  round  the  wall  of  the  vessel  at  short 
intervals ;  but  the  wall  of  the  vessel  is  itself  contractile. 

Along  the  middle  of  the  ventral  surface  below  the  alimentary 
canal  runs  another  large  longitudinal  vessel,  the  voUral  vessel  {irnt, 
ves.),  in  which  the  current  of  blood  takes  a  direction  from  before 
backwards.  Connecting  the  dorsal  and  ventral  vessels,  there  are  in 
each  segment  two  pairs  of  loop-like  transverse  vessels  which  give 
o£f  branches  to  the  parapodia,  the  alimentary  canal,  and  neighbour- 
ing parts.  Some  of  these  branches  communicate  with  i)lexuses 
of  fine  vessels  in  the  interior  of  the  lobes  of  the  parajKxlia  and  in 
the  integument  of  the  dorsal  surface,  and  with  dilatations  or  sinuses 
situated  in  the  bases  of  the  parapodia.  A  delicate  longitudinal 
neural  vessel  accompanies  the  nerve-conl. 

Nereis  is  devoid  of  any  hranchicc ;  but  there  can  be  little  doubt 
that  the  lobes  of  the  leet  with  their  rich  blood-supply,  and  the 
areas  of  integument  occupied  by  plexuses  of  blood-vessols,  subst»r\'e 
the  function  of  respiration. 

There  is  a  well-developed  nervous  system  (Fig.  823)  which  is 
bilateral  and  metameric  m  its  arrangement,  like  the  other  systems 
of  organs.  Situated  in  the  prostoniiuin  is  a  large  bilolxnl  nuvss 
of  nen'e-matter  containing  numerous  nerve-cells,  the  ctrchnd 
ganglion  or  brain  (c).  This  gives  off  tentacular  nerves  to  the  tentacles 
and  palpi,  and  two  pairs  of  short  thick  opt  14)  nerves  to  the  ey<*s. 
Behind,  two  thick  nerve-strands,  the  (esophageal  conned iccA  (</),  curve 
round  the  mouth  in  the  peristoniium  to  meet  on  the  vmtral 
aspect  behind  the  mouth  and  below  the  pharynx.  Tht»  cesopha- 
geal  connectives,  with  the  cerebral  ganglion,  thus  form  a  ring 
around  the  anterior  part  of  the  enteric  canal.  Running  back- 
wards from  the  point  of  union  of  the  a\sophagejil  conni'ctives, 
along  the  entire  length  of  the  body  of  the  worm,  on  the  ventral 
aspect,  is  a  thick  conl  of  nerve-matter,  the  ventral  nervc-cortf  (h) 
In  each  segment  this  cord  presents  a  little  dilatation  from  which 
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nerves  are  given  o£f  to  the  various  parts  of  the  segment :  and 
each  of  these  enlargements  is  really  double,  consisting  of  a  pair 
of  closely- united  ganglia.  The  intermediate  parts  of  the  cord, 
between  successive  pairs  of  ganglia,  are  also  double,  consisting 
of  a  pair  of  longitudinal  comiectives  enclosed  in  a  common  sheath. 
Oiven  otf  behind  from  the  cerebral  ganglion  is  a  system  of  fine 


coonectlna,  and  the . 


nerves  with  occasional  small  ganglia,  the  stomatogastric  or  visceral 
t^^em,  distributed  to  the  anterior  prut  of  the  alimentary  canal. 

The  tentacles  and  palpi,  as  well  as  the  cirri,  are  probably  organs 
of  the  sense  of  touch.  The  only  other  lenie-organt  arc  the  four 
eyes,  situated  on  the  prostomium.  The  eye  (Fig.  324)  consists 
of  a  darkly  pigmented  cup,  the  retina  (re.),  with  a  small  rounded 
aperture,  the  pupil,  and  enclosing  a  mass  of  gelatinous  matter, 
the  lens  (/.).  The  wall  of  the  cup  is  composed  of  numerous  long 
and   narrow   cells   lying   parallel  with  one  another  in   a   radial 
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dircctiun.  The  outer  end  of  each  cell  narrows  into  a  nerve-fibre 
forming  part  of  the  optic  nerve ;  near  this  end  is  a  nucleus ;  the 
main  body  of  the  cell  is  densely  pigmented  ;  the  inner  part  projects 
towards  the  lens  as  a  clear  hyaline  rod  (r.).  The  cuticle  of  the 
general  surlace  passes  over  the  eye,  and  a  continuation  of  the 
epidermis,   with    its    cells   somewhat   flattened,   constitutes  the 

The  organs  which  are  supposed  to  perform  the  function  of 
excretion  are  a  series  of  metamerically  arranged  pairs  of  tubes, 
th.esegiim\talt»-gaT^6  or  nepkridm  (Figs.  321  and  322,  itepk.,  Fig,  325 
occurring  in  all  the  segments  of  the  body.  The  nephridium 
consist*  of  two  parts— a  body  and  a  narrow  anterior  prolongation. 


,    Section  through  one  of  Un  ejM     ™  conim    en  eutklu  ;  (.  leo*  ;  r.  I«rer 


The  body  is  of  an  uregular  o\al  shapt  directed  nearly  transversely, 
but  slanting  butnewhat  The  outer  end  situated  m  the  base  of 
the  pampodium  near  its  middle  is  much  the  narrower.  The  inner 
end  is  continuous  with  a  narrow  prolongation  about  equal  in 
length  to  the  bodj  which  runs  lomards  and  inwards  to  become 
attached  to  the  mesentery  The  ettcmal  opining  or  nephri- 
diopore  {rxt.  op.)  is  a  fine  circular  pon,  capabk  of  being  widened  or 
contracted,  situated  on  the  ventral  surface  not  far  from  the  base 
of  the  ventral  cirrus.  This  leads  into  a  canal  which  runs  through 
the  anterior  prolongation  to  its  extn.'niity,  where  it  bends  sharply 
back  again  and  runs  to  the  body,  through  which  it  pursues  an 
extremely  tortuous  course  to  the  outer  eiul,  and  then  Ix-nds  back 
again  and  runs  in  the  anterior  prolongation  to  the  extremity  of 
the  latter,  where  it  opens  into  the  ccelome  through  a  ciliatetl  bell  or 
funnel  {fun.),  the  nephrostome,  pi-ojt-cting  through  the  mesentery 
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y  of  the  segment  i 
body  of  the  organ  lies.  Throughout  its  course  the  canal  is  exca- 
vated in  R  mass  of  nucleated  material  of  a  granular  character  not 
distinguishable  into  cells. 

Nereis  is  unisexual.  The  Kzaal  elements,  ova  or  sperms, 
are  formed  from  temporary  masses  of  cells,  ovaries  or  (e^es.  which 
are  developed  towanis  the  breeding  seiBon  by  a  proliferation  of 
the  cells  of  the  membrane  (periloneum)  lining  the  coeloine  and  the 
structures  it  contains,  In  Xcreis 
dumerUii  there  is  in  the  male 
only  a  single  pair  of  these 
proliferating  masses  of  cells 
(testes),  situated  in  one  of  the 
segments  between  the  nine- 
teenth and  the  twenty- fifth. 
These,  during  the  season  of  their 
active  development,  give  off 
BToups  of  cells  which  become 
disseminated  throughout  the 
coelomic  fluid.  Thu  original 
cells  (mother-cells)  undergo 
division  into  smaller  cells,  each 
of  which  develops  into  a  sperm 
with  a  minute  rod-shapwl  kead 
and  a  long  vibratile  nagelium 
or  tail.  In  the  female  the 
ovaries  {Fig.  322,  ov.).  formed  by 
a  similar  process  of  prolifera- 
tion, take  the  form  of  rounded 
masses  of  cells,  metamerically 
arranged,  surrounding  the  prin- 
cipal vessels  throughout  the 
length  of  the  body.  The  young 
ii  oponiiiB  r,r  ova  bocome  detachetl  frtim  the 
^  ...  "tho™iom"       ovaries,  and  attain  their  full  de- 

iMTniiMMiMrj'or  leptiiin.  '       velopmeut  while  floating  about 

in  the  ccelomic  fluid.  Both 
ovaries  and  testes  dwindle  after  they  have  given  oflf  thu  sexual 
cells,  and  at  the  non-breeding  season  of  the  year  are  not  to  be 
detected. 

Ova  and  sperms,  when  fully  ripe,  are  discharged,  reaching  the 
exterior,  in  the  case  of  the  sperms  probably  through  the  nephridia, 
in  the  case  of  the  ova,  which  are  much  too  large  to  pass  out  in 
this  way,  probably  through  apertures  temporarily  fonued  by 
rupture  of  the  body-wail ;  and  impregnation  takes  place  by  contact 
between  the  two  sets  of  elements  while  floating  freely  in  the 
sea-water. 
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Nereis  dumerilii  is  an  extremely  variable  species.  If  we 
compare  a  number  of  specimens,  we  find  numerous  individual 
differences  between  them.  The  most  striking  of  these  are 
differences  of  colour  and  of  the  number  of  segments  in  the  body  ; 
but  a  careful  examination  reveals  many  other  points  in  which 
individuals  differ.  Thus  the  precise  form  of  the  lobes  of  the 
parapodia  varies,  together  with  the  number  of  setae  in  the  two 
bunales ;  so  also  do  the  relative  length  of  the  tentacles,  the 
number  of  teeth  on  the  jaws,  and  the  number  and  arrangement 
of  the  denticles  in  the  pnarynx.  Not  only  are  such  individual 
differences  common,  but  the  species  occurs  in  twa  distinct  forms 
or  phases,  which  differ  fix)m  one  another  so  widely  that  they  have 
been  referred  to  distinct  genera.  One  of  these  is  the  Nereis  pluise, 
which  is  that  described  m  the  preceding  paragraphs.  A  Nereis 
dumerilii  may  become  sexually  mature  in  this  form,  or  may  first 
undergo  a  series  of  changes  by  which  it  becomes  converted  into 
the  second  or  HeteroTiereis  phase  (Fig.  318,  B),  The  principal 
changes  which  take  place  during  this  metamorphosis  are  a  neat 
increase  in  the  size  of  the  eyes,  and  a  great  modification  of  the 
parapodia  in  the  posterior  portion  of  the  body,  the  lobes  becoming 
larger  and  more  leaf-like,  and  the  setae  of  the  Nereis  becoming 
superseded  by  others  which  are  considerably  longer,  more  nume- 
rous, and  somewhat  oar-shaped.  The  Heteronereis,  instead  of 
creeping  about  on  the  bottom,  swims  about  actively  through  the 
water  by  wriggling  movements  of  the  body  combined  with  active 
paddling  movements  of  the  parapodia  with  their  long  setae.  After 
a  time  the  Heteronereis,  like  the  Nereis,  becomes  sexually  mature, 
developing  ova  and  sperms,  the  latter  of  which  differ  remarkably 
in  shape  from  those  of  the  Nereis  phase. 

Development. — The  egg  of  Nereis  when  first  discharged  is 
enclosed  in  a  transparent  thick  gelatinous  envelope,  within  which 
are  two  membranes — an  outer  very  thin  and  delicate,  and  an  inner 
(zona  radiatd)  thicker  and-  very  distinctly  striated  in  a  radial 
direction.  The  protoplasm  of  the  ovum  contains  a  number  of 
oil-drops  and  yolk-spherules.  When  fertilisation  takes  place 
the  yolk-spherules  move  away  from  what  is  destined  to  become 
the  upper  pole  of  the  egg,  leaving  a  polar  area  composed  of 
granular  protoplasm.  The  zona  radiata  disappears,  and  the 
contents  of  the  ovum  undergo  for  a  time  amoeboid  changes  of 
form.  Then  the  spherical  form  is  reassumed,  two  small  bodies — 
the  polar  globules — are  thrown  off  at  the  upper  pole,  and  the  process 
of  segmentation  (Fig.  326)  begins.  Up  to  a  fairly  advanced 
stage  this  corresponds  very  closely  with  the  segmentation  of  the 
Polyclad  oosperm  as  described  on  page  256.  The  oosperm  divides 
first  into  two  parts,  then  into  four.  From  those  four  cells — the 
megameres — there  are  separated  off  in  succession  three  sets  of 
micromeres,  making  twelve  in  all.     One  of  these,  belonging  to  the 


second  set,  somewhat  larger  than  the  others,  and  iHfterinfi;  from 
them  in  its  subsequent  history,  is  termed  the  Jirst  somalobiast 
(som.  1);  a  seconii  soniatoblnst  {sam.  2)  is  soon  given  off  from 
the  same  megamere  that  gave  origin  to  the  first. 

The  germinal  layers  are  now  all  established.  The  niici-omeres 
constitute  the  ectoderm,  destined  to  give  rise  to  the  epidermis  and 
all  its  derivatives,  to  the  cerebral  ganglion  and  niirve  conl,  to  the 
(Bsophagus  and  rectum.  The  megameres  eventually  give  origin 
to  the  cells  of  the  eiulodcnn,  forming  the  internal  epitheliimi  of 
the  alimentary  canal.  The  second  somatnblast  gives  rise  to 
the  entire  mesoderm  of  the  Annelid.     The   micronitires  extend. 
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as  they  multiply  by  division,  at  first  as  a  caip  of  small  cells  over 
the  upper  pole  of  the  embryo ;  eventually  the  cap  extends  itself 
so  as  completely  to  cover  the  four  megameres  and  the  descendants 
of  the  somatoblasts  except  at  one  point,  the  blastopore,  at  the 
lower  pole,  where  the  investment  remains  for  a  time  incomplete. 
When  the  blastopore  closes,  the  process  of  epiboJic  gastrulation  is 
completed.  A  thickening  of  the  layer  of  ectoderm  cells,  the  apical 
plate,  in  the  middle  of  what  is  destined  to  form  the  hcad-ond  of  the 
embryo,  is  the  rudiment  of  the  cerebral  ganglion ;  in  close  relation 
to  it  are  formed  a  pair  of  pigment  spots,  the  larval  eyes.  From 
the  middle  of  the  head-end  projects  a  tuft  of  cilia  (Fig.  327,  A. 
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ap.  ciL).  Encircling  the  body  of  the  larva  behind  this  is  a  thick- 
ened ridge,  t\ie  prototroch  (proL),  the  cells  of  which  develop  strong 
cilia.  Just  behind  the  prototroch  the  cells  of  the  ectoderm 
become  pushed  inwards,  m  the  middle  of  what  will  eventually 
become  the  ventral  surface,  so  as  to  line  a  sort  of  depression  or 
pouch  ;  this  is  the  stomodceum  (st.)  or  rudiment  of  the  mouth  and 
CBsophagus.  The  anus  (an.)  does  not  appear  until  later  ;  the  position 
which  it  will  subsequently  occupy  is  indicated  at  this  stage  by  a 
pigmented  area  (pig.  ar.)  marking  the  point  at  which  the  blasto- 
pore becomes  closed.  The  first  and  second  somatoblasts  divide 
to  form  a  mass  of  small  cells  which  extend  on  the  ventral  surfiswje 
behind  the  prototroch  and  mouth,  constituting  what  is  termed 
the  ventral  plate;  of  this  plate  the  more  superficial  cells  are 
descendants  of  the  first  somatoblast — one  of  the  twelve  original 
micromeres ;  and  those  situated  more  deeply  are  derived  from 
the  second  somatoblast  or  mesomere.  A  superficial  thickening 
along  the  middle  of  the  ventral  plate  is  the  rudiment  of  the 
ventral  nerve-cord  (neur.  pi.) ;  the  deeper  cells  divide  and  extend 
to  form  a  pair  of  mesoderm  bands  or  muscle  plates,  from  which 
the  muscles  of  the  body-wall  are  developed  ;  the  muscular  layers 
of  the  wall  of  the  alimentary  canal  are  derived  from  certain  of  the 
same  set  of  cells  which  migrate  inwards  from  the  lower  end. 

A  pair  of  micromeres  separated  from  the  rest  at  an  early  stage 
are  destined  to  form  the  larval  excretory  organs,  the  head  kidneys : 
at  first  situated  at  the  upper  end,  they  sink  below  the  surface  and 
migrate  downwards  till  tney  come  to  lie  below  the  prototroch ; 
each  then  elongates,  and  a  number  of  vacuoles  which  have  become 
formed  in  the  interior  coalesce  in  such  a  way  as  to  form  a  long 
narrow  canal.  The  embryo  has  now  reached  the  completed  Tro- 
chosphere  stage. 

The  endoderm  cells  become  arranged  so  as  to  bound  a  canal- 
like spice,  the  beginning  of  the  lumen  of  the  middle  part  of  the 
alimentary  canal  (oesophagus  and  intestine)  (int.),  the  cells  subse- 
quently giving  rise  to  the  enteric  epithelium.  This  canal  becomes 
continuous  in  front  with  the  stomodseum,  and  behind  with  a 
second  smaller  ectodermal  invagination,  the  proctodceum,  which 
arises  in  the  position  of  the  former  pigment  area.  The  part  of 
the  larva  behind  the  prototroch  now  elongates,  and  two  pairs  of 
invaginations,  the  setigerous  sacs  (set.  sacs),  appear  at  its  sides :  in 
the  interior  of  these,  to  which  a  third  pair  is  soon  added,  are 
developed  setae  which  grow  out  to  a  great  relative  length  as  the 
larval  or  provisional  seta^.  Constrictions  soon  appear  marking  oflf 
the  first  three  segments,  and  at  the  same  time  the  mesoderm  bands 
undergo  a  corresponding  division  into  three  pairs  of  mesoderm 
segments.  The  mesoderm  segments  of  each  pair  grow  inwards 
towards  one  another  and  surround  the  alimentary  canal ;  in  the 
interior  of  each  appears  a  cavity  which  is  the  beginning  of  a 
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segment  or  chamber  of  the  coelome.  As  the  two  mesoderm 
segments  become  closely  applied  to  one  another  and  unite  aroimd 
the  alimentary  canal,  their  two  cavities  also  come  into  close 
relation,  and  eventually  are  separated  from  one  another  only  by 
thin  vertical  septa,  which  afterwards  form  .the  dorsal  and  ventral 
mesenteries.  Successive  mesoderm  segments  also  come  into  close 
relationship  with  one  another,  their  cavities  eventually  only 
remaining  separated  by  thin  transverse  partitions,  which  form  the 
intersegmental  septa  or  mesenteries. 

The  region  in  front  of  the  prototroch  becomes  modified  to  form 
the  prostomium  of  the  adult.  The  body  increases  in  length,  and 
additional  segments  >vith  their  setigerous  sacs  become  distmguish- 
able  (E)  until,  on  the  development  of  the  tentacles,  the  outgrowth 
of  the  parapodia  (para.)  with  their  cirri  and  the  permanent  seta;^ 
(which  replace  those  first  formed),  the  formation  of  the  full  number 
of  segments,  and  the  completion  of  the  internal  organs,  the  adult 
condition  of  the  worm  is  attained. 

b.  The  Earthworm  (Lumbncus). 

Oeneral  External  Features. — The  Earthworm  (Fig.  828) 
has  a  long  narrow  body,  which  may  be  described  as  approximately 
cylindrical,  but  slightly  depressed  towards  one  end,  the  posterior. 
Dorsal  and  ventral  surfaces  are  readily  recognisable,  the  latter 
being  much  paler  in  colour  than  the  former,  and  exhibiting  a 
slight  flattening ;  an  anterior  end  is  distinguishable  in  the  living . 
animal  as  that  which  is  directed  forwards  in  the  ordinary  creeping 
movements  of  the  worm.  The  surface,  as  in  the  case  of  Nereis, 
is  very  distinctly  marked  out  into  segments  or  metameres  by  a 
series  of  ring-like  constrictions;  the  segments,  which  are  ver}' 
numerous,  amounting  to  about  150,  are  somewhat  longer  towards 
the  anterior  end  than  they  are  further  back. 

At  the  extreme  anterior  end  is  a  rounded  lobe,  the  prostomium, 
immediately  behind  which  is  the  opening  of  the  mouth.  Next  to 
the  prostomium  is  the  most  anterior  segment,  the  pcristomium, 
which  bounds  the  mouth  behind.  The  eyes  and  tentacles  present  in 
Nereis  are  not  represented.  On  the  most  ])osterior  segment,  the 
anal  segment ^  is  a  small  median  opening,  the  anal  apertu/c.  A 
limited  region  of  the  body  in  front  of  the  middle,  comprising  seg- 
ments from  the  thiilv-second  to  the  thirty-seventh,  has  a  swollen 
appearance;  this  is  termed  the  ditcUum.  There  are  no  parajKHiia 
like  those  of  Nereis,  but  nmning  along  the  lower  surface  of  the 
worm  are  to  be  recognised  with  the  aid  of  a  lens  four  double  rows 
of  short  bristles  or  setae  (Fig.  329),  a  pair  of  each  row  occurring 
in  each  segment,  which  thus  possesses  eight  altogether.  The 
extremities  of  all  these  seta*  are  directed  backwards,  and  they  act 
as  fulcra  for  the  forward  movements  of  the  worm  on  the  surface 
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of  the  ground  or  in  the  interior  of  its  burrow.  The  setae  in  the 
clitellum,  and  those  in  the  neighbourhood  of  the  genitiil  apertures, 
are  much  slenderer  than  the  rest.  Along  the  middle  line  of  the 
dorsal  surface,  from  about  the  eleventh  segment  backwards,  is  a 
row  of  small  apertures,  one  at  the  line  of  division  between  each 
contiguous  pair  of  segments :  these,  which  are  termed  the  doo'std 
pores,  perforate  the  body-wall  and  open  internally  into  the  coelome. 
On  the  ventral  surface  are  two  rows  of  minute  apertures — a  pair 
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Fi<:.  :V2ri. — Lninbricns  afcrlcola.  .4,  entire  Bpecimeu,  lateral  view ;  B,  ventral  view  uf  anterior 
iwrtion  of  the  body,  modified.  1,  15,  S3,  first,  fifteenth,  and  thirty-third  scgmenta.  llic 
black  dota  represent  the  setw.    (After  Vogt  and  Jnng.) 

on  each  segment — the  excretory  apertures  or  7iephridio))ares.  On 
the  ventral  surface  of  the  fifteenth  segment  (Fig.  328, 15),  is  a 
pair  of  slit-like  apertures  with  somewhat  tumid  lips,  the  male 
reproductive  apertures;  and  on  the  segment  immediately  in  front, 
the  fourteenth,  are  two  smaller  rounded  apertures,  the  female 
reproductive  apertures.  In  the  intervals  between  the  ninth  and 
tenth,  and  tenth  and  eleventh  segments  are  two  pairs  of  small 
pores,  the  openings  of  the  receptacula  seminis. 
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Tlic  body-wall  (Fig,  330)  consists  of  a 
cuticle,  iin  qndeiTiiis  or  deric  epithelium,  a 
dermis,  muBcular  layers  with  associat»i  con- 
nective-ti&sue,  and,  lining  the  inner  surikci!, 
a  thin  cellular  membrane,  the  peritoneum  or 
ecelomic  cpilkelium.  The  ciitiete  (cut.)  is  similar 
to  thtit  of  Nereis,  and  has  a  sunikr  iridescent 
lustre;  it  is  perforated  by  numerous  miimte 
apertures.  The  epidermis  consists,  except  on 
the  clitellum,  of  a  single  layer  of  cells 
elongated  in  the  vertical  direction :  many  of 
these  cells  have  the  character  of  luiicelhilar 
glands;  many  others  are  nerve-cells,  and  are 
connected  by  tine  nerve-fibres  with  the  nerve-  "^Mii^igw'^lS^a"' 
cord.  On  the  clitellum  the  epidermis  is 
thickened,  and  blood  vessels  extend  between  the  cells.  Below 
the  epidermis  is  a  layer  of  connective  t  ssu      tht    dei-mis     The 


muscular  6bres  which  make  up  the  greater  part  of  the  thickness 
i)f  the  liody-wall  are  arranged  in  twi)  principal  sets — a  layer  of 
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circularly  arranged  fibres  {circ.  aiiis.)  situated  externally,  imme- 
diately below  the  dermis,  and  a  layer  of  longitudinally  aminged 
fibres  {long,  mus.)  situated  internally.  The  circular  layer  is  in- 
terrupted at  all  the  in- 
tervals between  the  seg- 
ments;  the  longitudinal 
layer  is  interrupted  along 
a  series  of  longitudinal 
lines,  so  as  to  be  divided 
into  seven  bundles. 

The  setie  are  lodged 
in  sacs,  the  setigcrous  sacs 
(see  Fig.  339),  lined  by 
a  continuation  of  the 
epidermis.  In  the  re- 
gion of  the  body  in  which 
the  reproductive  organs 
are  lodged  some  of  tjhese 
sacs  are  enlarged  and 
glandular,  and  receive 
the  special  name  of  the 
fnpmUogenous  glonrls. 

The  enteric  canal 
(Fig.  331)  is,  as  in 
Nereis,  a  tube  which 
runs  through  the  entire 
length  of  the  body  from 
the  mouth  at  the  an- 
terior to  the  onus  at  the 
posterior  end.  As  in  the 
case  of  Nereis,  it  lies  in 
a  cavity,  the  avhrnc,  lined 
by  a  thin  cellular  mem- 
brane, the  peritimeum, 
and  filled  with  a  tluid, 
the  ccelomic  ftnid,  con- 
taining colourless  cor- 
puscles. It  is  divided 
into  a  series  of  cham- 
bers corresponding  to 
the  segments  by  a  seriein 
of  delicate  transverse 
partitions,  the  *rjj/t  or 
■m.estntrriefi,  consisting  of  folds  uf  the  peritoneal  membrane  en- 
closing muscular  fibres. 

The  mouth  leads  into  a  small  huccnl  cnrtty.     This  is  followed  by 
a  much   larger  thick-walled,  rounded  chamber,  the  }ihiri/iu  (ph.). 
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From  the  wall  of  the  pharynx  there  run  outwards  to  the  body- wall 
a  number  of  radially  arranged  bundles  of  muscular  fibres  which, 
when  they  contract,  draw  the  phanux  backwards,  and  at  the  same 
time  dilate  it.  Behind  the  pharynx  follows  a  comparatively  nar- 
row tube,  the  ossophagus  (as.),  which  extends  through  about  seven 
segments.  At  the  sides  of  the  oesophagus,  in  each  of  the  segments 
ten,  eleven,  and  twelve,  is  a  pair  of  rounded  projections  {ess.  gi). 
The  first  pair — the  oesophageal  pouches — are  hollow,  and  their 
cavities  are  in  communication  with  the  lumen  of  the  CBSophagus. 
The  other  two  pairs — the  calciferaiis  glands — are  thickenings  of  the 
wall  of  the  CBSophagus,  the  fluid  in  the  interior  of  which  is  milky, 
owing  to  its  containing  numerous  particles  of  carbonate  of  lime ; 
the  numerous  small  cavities  which  they  contain  are  in  com- 
munication with  the  oesophageal  pouches.  Posteriorly  the 
oesophagus  is  followed  by  a  rounded  thin-walled  chamber,  the 
crop  (cr.),  and  this  is  followed  by  a  very  thick-walled  chamber,  also 
of  rounded  form,  the  gizzard  (giz.).  From  this  the  intestine  (int.) 
extends  throughout  the  rest  of  the  length  of  the  body  to  the  anal 
aperture.  It  is  wide  with  thick  out  soft  walls,  constricted 
opposite  the  septa,  i.e.  in  the  intervals  between  the  segments. 
Running  along  the  middle  of  its  dorsal  sur&ce  is  a  longitudinal 
fold,  the  typhlosole  (Fig.  330,  typh.),  projecting  downwards  into  the 
lumen.  On  the  wall  of  the  intestine  outside  the  muscular  layers 
and  surrounding  the  intestinal  blood-vessels  are  a  number  of 
granular,  yellow  cells — the  chloragen  cells  {hep.) :  these  are  specially 
abundant  in  the  t}^hlosole.  The  terminal  part,  situated  in  the 
last  segment,  is  termed  the  rectum. 

The  whole  alimentary  canal  is  lined  internally  by  a  cuticle, 
which  is  thicker  in  the  gizzard  than  elsewhere,  and  by  a  single 
layer  of  columnar  epithelial  cells,  the  enteric  epithelium.  Some  of 
these  cells,  more  granular  than  the  others,  grouped  in  certain 
regions,  more  particularly  along  the  typhlosole,  are  of  the  nature 
of  unicellular  digestive  glands,  secreting  a  digestive  fluid.  Others 
seem  to  be  specially  concerned  in  the  absoq^tion  of  the  digested 
food.  External  to  this  is  a  layer  of  connective-tissue.  The 
greater  part  of  the  thickness  of  the  wall  is  made  up  of  muscular 
nbres,  of  which  there  are  two  layers,  an  external  longitudinal  and 
an  internal  circular.  These  layers  are  greatly  thickened  in  the 
walls  of  the  phar}'nx  and  of  the  gizzard. 

The  Earthworm,  like  Nereis,  has  a  well-developed  vascular 
•yttem,  consisting  of  blood-vessels  with  well-defined  walls.  The 
blood  is  bright  red,  the  colour  being  due  to  the  same  colouring 
matter,  viz.  hamoglohin,  as  in  the  case  uf  the  bloo<l  of  the  higher 
animals,  occurring,  however,  not  in  corpuscles,  but  in  the  liquid 
part  or  plasma;  coqniscles  are  {jreseiit,  but  they  are  colourless. 
The  main  trunks  art*  the  dorsal,  the  ventral,  the  snh-ncnral,  the 
two  lateral  ncvraL  and  a  series  of  transverse  branches.     The  dorsal 
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vessel  (Fig.  330,rfws.  i'.)  runs  along  the  niiddle  of  the  dorsal  surface 
between  the  body-wall  and  the  intestine ;  it  is  readily  visiblu  shining 
through  the  former  in  the  living  worm.  The  Vf7itral  vcs8fl  {vnU.  r.) 
lies  below  the  alimentarj'  canal,  the  aui-newal  below  this  again 
under  the  nerve-cord ;  the  lateral  neural  lie  on  either  side  of  the 
nerve-cord.  The  tranaixi'se  branches  correspond  in  number  to  the 
segments;  they  run  round  from  the  dorsal  vessel  to  the  ventral, 
giving  off  bmnches  in  their  course.  Six  of  them,  viz.  those  in 
the  sixth  to  the  eleventh  segments  inclusively,  are  dilatetl  and 
pulsate  rhythmically ;  these  have  the  function  of  driving  the 
blood  through  the  system  of  vessels,  and  are  hence  fr«jUently 
termed  the  "  hearts."  The  walla  of  all  the  principal  vessels  are 
contractile,  nnd  assist  in  bringing  about  the  movement  of  the 
blood,  which  is  propelled  in  such  a  way  as  to  run  forwards  in  the 
dorsal  vessel  and  backwards  in  the  ventral. 

The  nerrouB  s7Bteni  (Fig.  332)  consists  of  a  dorsal  bilobed 
brain  or  crrehnil  ifiimjUoiL  and  a  double  venti-al  cliain  of  ganglia, 
together  with  a  pair  of  ccxfjiha- 
ijtal  connectives  by  which  the 
former  is  connected  with  the 
anterior  end  of  the  latter.  The 
lirain,  which  is  of  small  size,  is 
situate<l  in  the  third  segment 
above  the  beginning  of  the 
alimentary  canal ;  it  is  divided 
by  a  median  constriction  into 
two  lateral  parts  of  pyriform 
shape  with  their  broad  ends  in 
contact.  The  connectives  pass 
from  this  round  the  sides  of  the 
alimentary  canal  to  unite  in  the 
middle  bulow  with  the  most  an  • 
tenor  of  the  ventral  chain  of 
nerve-ganglia.  In  this  way  a 
complete  nerve-ring  or  nerve- 
__  collar   surrounds   the  anterior 

™ti»riierre'<urdr;in»(.  pmtMnJ'uni. '  (Altai     part  of  the  eUteriC  CaUal  in  the 

'*"'*^'  third  segment.  From  this  the 

ventral  chain  of  ganglia  extends 
backwards  to  the  posterior  end  of  the  body.  In  each  segment  it 
presents  a  slight  enlargement,  most  conspicuous  in  the  more 
posterior  segments.  The  whole  chain  is  double,  the  swelling  in 
each  segment  consisting  of  a  pair  of  intimatoly  fiised  ganglia. 
From  the  brain  nerves  are  given  off  to  the  pro!-tomium  ;  and  from 
the  ventral  chain  three  pairs  of  nerves  are  given  off  in  each  seg- 
ment. From  the  oesophageal  connectives  a  sci-ies  o{  sfomnfogastrir 
nerves  pass  to  the  pharynx  and  neighbouring;  ]jarts  of  tho 
alimentarv  canal. 
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The  Ejivtliwonii  is  devoid  of  m;gnns  of  sight  or  hofinng.  U 
exhibits  setisitivoness  to  bright  light,  which  may  be  due  to  din>ct 
action  on  the  central  [tarts  of  the  nervoua  system.  The  sense  of 
hearing  appears  to  be  absent ;  but  a  faculty  analogous  to  taste  or 
smell,  enabling  the  animal  to  distinguish  between  different  kinds 
of  food,  is  well  developed.  The 
goUetshaped  bttiifg,  groups  of 
narrow  epidermal  cells,  most 
abundant  on  the  prostoinium 
and  peristdniiiuii,  have  pi-obably 
to  do  with  this  faculty. 

The  organi  of  excretion— 
the  xfffmental  ort/am  or  nephi-idia 
— (Fig.  333)  are  similar  to  those 
of  Nereis,  but  somewhat  more 
complicated.  They  are  slender 
tubes  which  occur  in  pairs  in  all 
the  segments  of  the  body  except 
the  first  three  and  the  last.  Ex- 
ternally each  nephridium  oyiens 
by  one  of  the  siiiall  excretory 
pores  which  have  already  been 
mentioned  as  occurring  on  the 
ventral  surfiwc ;  intenially  it  ends 
in  a  funnel-shaped  ciliated  ex- 
tremity with  an  npertun',  the 
Tup/i  rout  vine,  opening  into  the 
caWty  of  the  co^r^^•*[l^lnding  .seg- 
ment. The  tube  i.h  thrown  into 
several  loops  attached  to  the 
posterior  surface  of  the  corre- 
Hyxinding  niijsentery  by  a  fold  of 
membrane.  Two  parts  are  clearly 
recognisable— an  inner  narrow 
and  an  outer  thick  iwirt :  in  the 

fonucr  the  narrow  centnil  lumen  is  a  perforation  thmugh  the 
axis  of  a  string  of  cells,  and  is  thus  intracellular :  it  is  lined 
.    ■      .        jjj   jjjp   latter  the 


two    1 


in   parts  with   cilia   arranged    in 

|«BSsag»^  is  lined  by  cells,  and  is  thus  inter-celbdar.  and  there  is  a 
thick  muscular  "investment.  The  nephridia  are  abundantly 
supplied  with  bloixl  by  means  ol'  nephridial  branches  of  the 
venlnd  vessel, 

BeproductlTe  Organs The   Earthworm    is   heniiaphroditc 

Thert--  an.'  two  j»airs  of  verj-  small  flattened  ff»tes  (Fig.  334.  tf,  W), 
partly  divided  into  a  number  of  digitate  lobes,  situated  in  the 
tenth  and  cl.ienth  segments.  A  pair  of  comparatively  large  sacs, 
the  anterior  vtmmtiv  sumiwitf*  {•ml.    rf«.  srni.),  lie  jwrtly  in    thi^ 
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caWty  oi'  the  jiinth  segment,  but  extend  into  the  tenth,  where 
they  coalesce  in  the  middle  to  form  a  large  median  sac  of  some- 
what irre^iar  form,  the  antei-iffr  sperm  reservoir  (ant.  ap.  res.). 
The  antenor  pair  of  testes  project  into  this,  and  the  cplla  destined 
to  form  the  sperms,  developed  in  the  former,  pass  by  dehiscence 
iiito  the  large  median  cavity.  On  either  side  is  a  large  clliat&i- 
funnd,  or  rusctte  (Jun.),  leading  outwards  from  the  interior  of  the 
reservoir.  A  second  jiair  of  vesicuUe  semiuales  (mtrf.  vts.  setn.), 
situated   in   the  eleventh  segment,  also  open   intii   the   anterior 


sperm  reservoir.  A  third  pair  (pos/.  ves. 
twelfth  segment,  unite  in  front  to  form  the 
(»08(.  sp.  rrs.),  which  lies  in  the  middle 
eleventh  segment.  The  posterior  pairs  of 
relation  to  tnis  as  the  anterior  pair  nave  to 
and  a  posterior  pair  of  ciliated  funnels  (/m 
its  cavity.  Each  ciliated  funnel  leads  to  a 
voluted  duct,  the  ms  efferent,  and  the  two 
side  unite  to  fonii  a  'cns  deferens  or  spcr 
left;  as  the  case  may  be.  which  jias^ies  alii 


sem,.),  situated  in  the 
rtosUriffi'  sperm  reserv^r 
of  the  cavity  of  the 
testes  have  the  same 
the  anterior  reservoir ; 
..)  leads  outwards  from 
narrow,  somewhat  con- 
vasa  efferentia  of  each 
\idud  (v.  def.),  right  or 
jst  straight  biickwiirdf 
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to  open  by  the  corresponding  male  aperture  on  the  fifteenth 
segnient. 

The  female  reproductive  organs  consist  of  a  pair  of  ovaries,  a 
pair  of  oviduds  with  a  pair  of  receptacula  ovoruniy  and  two  pairs  of 
receptacula  seminis.  The  ova7nes(ov,)  a,re  minute  pear-shapea  bodies, 
which  are  situated  in  the  thirteenth  segment,  attached  to  the 
septum  between  the  twelfth  and  thirteenth.  The  oviducts  (ov.  d,) 
are  a  pair  of  short  tubes,  each  with  a  comparatively  wide  funnel- 
shaped  opening  into  the  cavity  of  the  thirteenth  segment,  and 
extending  backwards  and  outwards  in  the  fourteenth  sequent,  to 
open  at  the  female  aperture  on  the  ventral  surface  of  the  latter. 
The  rec€pta<iula  ovontm  are  a  pair  of  reniform  sacs  which  open  into 
the  funnel-shaped  ends  of  the  oviducts.  The  receptacula  seminis 
(rec,)  are  two  pairs  of  rounded  sacs  which  open  on  the  exterior 
in  the  intervals  between  the  ninth  and  tenth,  and  tenth  and 
eleventh  segments. 

Though  hermaphrodite  the  Earthworm  is  not  self-impregnating, 
but  two  individuals  provide  for  mutual  fertilisation  by  an  act 
of  copulation.  The  copulating  individuals  become  applied  together 
by  their  ventral  surfaces,  the  heads  pointing  in  opposite  directions, 
and  become  attached  in  this  position  by  the  setae  of  the  genital 
region  and  by  a  viscid  secretion  from  the  clitellum  and  of  certain 

f  lands,  called  the  capsidogenous  glands,  situated  in  the  neighbour- 
ood  of  the  reproduction  organs.  The  sperms  from  the  male 
apertures  of  each  pass  along  temporarily  formed  grooves  to  the 
receptacula  seminis  of  the  other. 

When  the  ova  are  mature  they  are  discharged  from  the  ovary 
into  the  cavity  of  the  thirteenth  segment,  whence  they  pass  out 
to  the  exterior  through  the  oviduct,  to  be  enclosed  in  the  cocoon, 
after  having  been  detained  for  a  time  in  the  receptaculum 
ovorum. 

Development. — The  oosperms  or  fertilised  ova  of  the  Earthworm 
are  enclosed,  together  with  a  quantity  of  an  albuminous  fluid 
derived  from  the  capsulogenous  glands,  in  a  cocoon,  the  wall  of 
which  is  formed  of  a  viscid  secretion  from  the  glands  of  the 
clitellum.  haixlened  and  toughened  by  exposure  to  the  air.  The 
cocoon  is  deposited  in  the  earth  and  the  embryos  develop  into 
complete,  though  minute,  wonns  before  they  make  their  escape. 
The  segmentation  is  somewhat  unequal.  A  flattened  hlastula 
(Fig.  835-4)  is  fonned,  with  a  large  but  flattene<l  segmentation 
cavity.  This  becomes  invaginated  to  fonn  a  cylindrical  gastrvla 
(jB)  :  the  blastopore  becomes  narrowed  and  subsequently  gives 
rise  t<.»  the  mouth  of  the  adult.  A  pair  of  large  mesoderm  cells 
(in)  early  become  marked  off  from  the  other  cells  of  the  gastnila; 
these  become  divide<l  to  fonn  a  jmir  of  7nfsodcrm  l^jids  composed 
of  several  rows  of  small  cells,  which  grow  forwanls  towards  the 
mouth.    By  swallowing  movements  the  embryo  at  this  stage  takes 
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in  the  nlbiiminous  fluid  in  the  interior  of  the  cocoon,  and  increaseB 
rapidly  in  -size,  bursting  the  enclosing  vitelline  membrane.  As 
the  embryo  elongates,  the  mesoderm  bands  become  divided  into 
Hegments,  and  the  subsequent  hiatoiy  of  these  is  essentially  similar 
to  whttt  hfis  been  nln^ndv  descnbe<I  in  tho  rase  nf  Nereis.     The 


litenl  Tlaw  of  (luttsmid  blHtuta ; 
CTnJ  Tlew  a1  UCdr  ningt ;  buUtar. 
na:  H,  primary  ii 


most  essential  difference  between  the  two  forms  consists  in  the 
non-occurrence  in  the  Earthworm  of  any  free-swimming  Trocho- 
sphere  stage. 

2.  DiSTtNcnvE  Charactebs  and  Cr^sBiricATioN. 

The  Chiptopoda  are  Annulata  with  the  body  made  up  of  di-stinct 
metanieres,  which  are  usually  numerous  and  similar  throughout 
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The  metameres  are  p^o^•ided  with  chitinous  setaj  developed  in  sacs 
(setigerous  sacs)  of  the  epidermis,  and  usually  elevated  on  muscular 
appendages,  the  parapodia.  There  is  a  large  coelome  diWded 
internally  into  chambers  by  transverse  septa  or  mesenteries,  and 
not  in  communication  with  the  blood-vascular  svstem,  which  is 
nearly  always  highly  developed.  The  ventral  nene-cord  consists* 
of  a  chain  of  ganglia.  The  reproductive  cells  are  formed  by  a 
proliferation  of  certain  parts  of  the  peritoneum  or  membrane  limng 
the  ccelome,  and  usually  reach  the  exterior  through  modified 
or  unmodified  nephridia. 

Sub-Class  I.— POLTCHJETA. 

Chsetopoda  with  the  sexes  distinct  and  the  ovaries  and  testes  of 
simple  character  and  metamerically  repeated.  Highly  developeil 
parapodia  are  present,  in  most  instances,  bearing  numerous  long 
setse.  There  is  usuallv  a  definite  head  with  eves  and  tentacles, 
and  often  cirri  and  branchia*  on  the  segments  of  the  body.  A 
metamorphosis  takes  place  :  the  larva  is  a  Trochosphere.  All  the 
Polychseta  are  marine. 

Order  1. — Archi-Ch.ktoi^oda. 

Aberrant  or  primitive  Pulycha'ta  ^  in  which  the  nervous  system 
is  not  separated  from  the  epidermis  and  the  ventral  conl  is  not 
segmented  into  ganglia.     Only  one  genus  {^^'tfcax^imts) 

Order  2. — Erraxtia. 

Carnivorous  free  Polycluet-a  with  protrusible  pharynx  usually 
armed  with  chitinous  jaws.  There  is  a  well-developed  head.  The 
segments  are  completely  or  nearly  similar  throughout  the  length 
of  the  body,  and  the  ])arapodia  are  ecjually  devrlojK'il  throughout, 
and  provided  with  ein*i.  The  branchiae,  when  present,  are  not 
confined  to  the  anterior  end. 

Order  .S. — Sedextaria. 

Vegetable-feeding  Polycha'ta  which  permanently  inhabit  tubes ; 
devoid  of  protrusible  pharynx  and  of  jaws  or  teeth.  The  head  is 
frequently  very  small,  and  sometimes  devoid  of  eyes  or  cjf  tentaeles. 
The  body  is  distinguishable,  by  diffen^nees  in  thi*  form  of  thi*  si»g- 
ments  and  of  the  ]){iraj)odia,  into  two  or  even  three  regions.  Thi' 
parapodia  are  little  prominent  in  the  p(>sti'rior  parts,  and  usually 
without  cirri.  The  branchia*,  when  present,  are  usually  cimtined 
to  the  anterior  end,  and  are  sometimes  represi'Uted  by  UHwlified 
cephalic  tentsicles. 

'  The  ArchiChtrtojtotla  arc  iiKually  (:la«se<l  witli  llie  Pclyrfurfa,  but  their 
alliuicefl  are  perhaps  (|uite  an  clcme  with  the  OUffiwhf-ta. 
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Sub-Class  IL~0LIO0CHJETA. 

Chsetopoda  with  the  sexes  united,  the  ovaries  and  testes  com- 
pact and  few  in  number.  No  definite  parapodia  are  developed 
and  no  cirri,  and  only  a  small  number  of  simple  setae  on  each 
segment.  The  head  is  not  distinct.  There  is  no  metamorphosis. 
Mostly  terrestrial  or  fresh-water  forms. 

Order  1. — Naidomorpha. 

Small  Oligochaeta  with  relatively  few  segments,  with  asexual 
as  well  as  sexual  reproduction.  Male  genital  pores  on,  or  in  front 
of,  the  seventh  segment.  The  anterior  part  of  the  body  is  often 
distinguished  from  the  rest  by  a  difference  in  the  form  or 
arrangement  of  the  seta?.     Eye-spots  are  frequently  present. 

Order  2. — Lumbricomorpha. 

Reproduction  is  only  sexual.  The  anterior  part  of  the  body  is 
never  specialised,  and  the  setae  are  similar  throughout  (except  in 
special  parts,  such  as  the  clitellum).  The  male  genital  pores  are 
behind  the  seventh  segment.     There  are  no  eye-spots. 

Systematic  Position  of  the  Examples. 

Nereis  dumerilii  is  one  of  many  species  of  Nereis,  differing  from 
one  another  in  certain  minor  details  of  their  structure — such  as 
the  relative  length  of  the  palpi  and  tentacles,  the  size  and  form  of 
the  eyes,  the  shape  of  the  parapodia,  the  form  of  the  setae,  and  the 
like.  The  genus  Nereis  differs  from  the  other  genera  of  the 
family  Nereida^,  to  which  it  belongs,  in  having  the  parapodia 
biramous,  and  the  cirri  simple,  and  in  the  presence  of  a  series  of 
denticles  in  the  pharynx  in  addition  to  the  pair  of  jaws.  The 
family  Nereidae  differs  from  all  the  other  families  of  the  Errantia 
in  the  union  of  the  following  characters : — The  body  is  always 
elongated  and  made  up  of  a  considerable  number  of  segments. 
The  prostomium  is  well  developed,  and  bears  a  pair  of  tentacles, 
a  pair  of  palpi,  and  four  eyes.  The  peristomium  is  devoid  of 
parapodia,  and  has  four  pairs  of  tentacles.  The  parapodia  are 
either  uniramous  or  biramous ;  both  dorsal  and  ventral  cirri  are 
present :  the  setae  are  compound  (articulated).  There  is  a  pair  of 
anal  cirri.  In  the  pharynx  there  is  always  a  pair  of  homy  jaws, 
and  usually  a  number  of  denticles  as  well. 

There  are  several  species  of  the  genus  Lumh'icus,  differing  from 
one  another  in  the  general  form  of  the  body,  the  number  of  the 
segments,  the  shape  of  the  i)rostomial  lobe,  and  other  minor 
points.     All  of  them  agree  in  the  presence  of  the  following  features. 
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whicb  cbantcteHse  the  genus  and  distinguish  it  from  thr  muny 
other  genera  of  the  family  Liimbricif/a  : — 

The  prostominm  is  dovetailed  completely  into  the  peristomiuni. 
The  setae  are  always  in  couples.  The  clitellum  begins  between 
the  twenty-sixth  and  the  thirty -second  segment,  and  extends  over 
six  or  seven  segments.  The  male  apertures  arc  always  on  the 
fifteenth  segment.  There  are  three  pairs  of  vesiciiire  seminales, 
in  the  ninth,  eleventh,  and  twelfth  segments,  connected  across  the 
middle  line  in  the  tenth  and  eleventh  by  sacs  enclosing  the 
ciliated  funnels. 

The  family  Lumbriciclse  is  distingui-shed  from  the  other  families 
of  the  suh-order  Megadrili,  which  comprises  all  the  Earthworms, 
by  the  combination  of  the  following  features : — 

The  clitellum  usually  begins  behind  the  twentieth  segment  and 
occupies  from  six  to  nine  segments;  it  is  incomplete  ventrally. 
The  male  apertures  are  not  situated  further  back  than  the  fifteenth 
segment.  There  are  three  or  four  pairs  of  vesiciila;  seminalei<, 
in  the  ninth  to  the  twelfth  segments.  The  testes  and  ciliate<l 
funnels  are  in  the  tenth  and  eleventh  segments.  The  female 
apertures  are  on  the  fourteenth. 


^■^.  Gexer.\l  Orgaxishtiux. 

The  general  form  of  the  body  in  the  Chietopoda  i^  cylindrical, 
but  in  many,  e.g.  some  members  of  the 
families  Polipwidfc  (Fig.  33(3)  and  Amiiht- 
lumulw.  there  is  a  very  considerable  degree 
of  dorsti- ventral  compression.  In  most  the 
body  is  very  long  in  com]>iiris>in  with  its 
breadth:  but  this  is  not  a  universal  nile, 
the  length  being  in  some  cases  nut  mon- 
than  five  or  six  times  the  breadth.  The 
surface  is  marked  out  by  a  numb<r  of 
more  or  less  distinct  annular  constrictions 
or  impressed  lines  into  a  corrtsjiimiling 
series  of  scgnicnfs  or  met'tmei-fs,  whieh  an- 
usually  ver)-  numerous,  often  some  hiindnils 
in  number,  though  in  some  cases  then'  aie 
not  more  than  from  twenty  to  thirty. 
These  segments  are  iisunlly  very  similar 
throughout  the  length  of  the  b.«ly :  but 
in  the  Tubicolous  Polychata  (Fig.  337) 
there   mav  be  two  or  even   iimre  nj^i-'Us  ih..  |.ii:,r;iTX  i.ni'm.iwi 

distinguishable   fmm   one  another   by  lh>'  ''  ""J"'" 

form  of  the  segments  anil  of  their  a|i])ii;- 

dages.     In  the  Oligochata  there  is  a  iliickem-^i  zone,  the  dUdli'ui 
comprising  sometimes   only  one  s,.jr|iii'nt,  sometimes  ii  nuiiiln-r 


Palriibe  atto- 
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Each  segment,  with  certain  exceptions  to  be  noted  presently, 
bears  either  a  pair  of  parapadia  or  merely  eei-tain  aetie  repre- 
senting the  parapodia.  Parapodia  are  lateral  hollow  processes 
of  the  body-wall  bearing  a  number  of  bristles  or  setfe.  Fre- 
quently the  parapodiuni  is  divided  horizontally  into  two  distinct 
lobes  or  branches — a  dorsal  which  is  termed  the  notopodium, 
and  a  ventral  which  is  termed  the  nrvrnpodium.  Even  when 
this  is  not  the  cast-  thei-e  may  be  two  bundles  of  setie  repre- 
senting the   two   parts.     The    set»  are  nearly  always  chitinous; 


—A  ■■TpnUa(V>m>tluiv-Mrlti>iui].     l^tur 


in  JSupliroaifnc  they  are  ealcihed.  They  are  hollow  or  solid, 
entire  or  divided  into  a  number  of  joints.  In  shape  (Fig,  338) 
they  vary  greatly  in  different  groups;  often  several  very  dis- 
tinct forms  of  seta?  are  present  in  different  parts  of  each  para- 
podium  of  a  single  worm,  or  in  parapodia  of  different  regions  of 
the  body.  Some  are  exceedingly  delicate  and  hair-like,  others 
needle-shaped,  others  compressed  and  sabre-like,  others  bayonet- 
like. Very  often  there  is  a  long,  straight,  narrow  part  or  handle 
with  which  is  articulated  a  terminal  blade,  or  bayonet,  or  hook. 
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Sometimes  the   setie   are  quite   short,  pixyecting   litlle   lievond 

the  parapodia,  and  are 

hook-like  or  comb-like.  , 

Usually    each     bundle 

coDtains.  in  addition  to 

the    ordinan'    setap.,   a 

stouter  straight  simple 

seta,     which     scarcely 

projects    on    the    sur- 

&ce ;    thLs    is    termed 

the     acUuluvi.      Each 

seta  or  each  bundle  of 

setffi  is  lodged  in  a  sac, 

the  Sftigcfous  sac  (Fig. 

339),    formed     by    an 

invagination  of  the  in- 
tegument, and  lined  by 

cells    continuous   with 

the   epidermis.      Elach 

seta    is   derived    from 

one  of  these  cells,  and 

is  to  be  looked  upon  as 

a    specially   developed 

part  of  the  cuticle  of 

the  general  outer  sur- 
face.     The    setigerous 

sacs   arc    usually  pro- 
vided with  protractor  and   retract<jr  muscles,  by   the   action  of 

which  the  seta-  may  be  thrust  out  or  retmcteil. 

In  addition  to  the  seta) 
the  ]jarapodiuni  Warn  very 
commonly  certain  soft  ap- 
pondagi'siif  a  scnsiiry  char- 
acter, the  cirri  (I'lg.  31!), 
tlor^.ciiT..vnit.cirr.)'Th<3rti 
are  usually  Imth  di>n<al 
and  ventml  cim,  the  latter 
nearlyalways much  smaller 
than  th<'  fonner.  The  <-irri 
are  usually  HlamentonH ; 
sometimes  jitiiitifl :  smne- 
timi's  thev  aii>  tali-mlly 
oiiniin.s.wKl  and  leaf-like. 
In  hhjnO.-  (Fijp.  Mfinrid 
;140)  and  its  allies  certain 
of  the  {KiraiKMiia  bear, 
instead     of    donial     cirri, 


18.— Sete  of  vRriuus  rolj-chirta.     (Kn.i 
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flattened  scales,  the  elytra  (d.),  richly  supiilictl  with  ni'n'es: 
these  are  souietiiuea  looked  upon  as  modified  dorsal  ciiri ;  but  in 
some  members  of  the  group  cirri  and  elytra  occur  together  on 
the  same  segment. 

In  Stemaspta  a  ventral  shield  formed  by  a  thickening  of  the 
cuticle  in  the  posterior  region  of  the  body  bears  a  number  of  setBe 
round  its  edge. 

In  the  Oligochseta  (Fig.  341)  the  parapodia  are  ahstait  as  pro- 
cesses of  the  body-wall,  and   arc  merely  represented  b\-  a  "iiiall 


Fio,  MO.— PolynSe  extannatm. 
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number  of  short  seise  each  lodged  in  its  sac;   and  ciiri  are  not 
developed. 

The  first  segment  or  prostmniiim,  together  with  the  second  or 
pi^ristcvtmm.iaiins  in  many  Pulychopta  a  very  distinct  head;  the 
prostomium  in  such  a  case  hears  eyes  and  tentacles  and  contains 
the  cerebral  ganglion ;  on  the  peristomium  is  the  opening  of  the 
mouth,  and  also  certain  tentacles,  the  perisfcmial  IcTiUicks.  A 
ventral  pair  of  prostomial  tentacles,  somewhat  thicker  than  the 
rest,  are  sometimes  to  be  distinguished,  and  are  termed  the  jiftljn. 
Neither  prostomium  nor  peristomium  bears  parapcdia.  though  an 


PHYLl'M  AHNULATA 


aciculum  is  sometimes  developed 
in  the  latter ;  the  prostomium, 
in  iact,  is  not  quite  correctly 
termed  a  segment,  oeing  different 
from  the  true  segments  both  in 
structure  and  in  mode  of  develop- 
meot.  In  the  Oligochieta  there 
is  no  definite  head,  tentacles  arc 
entirely  absent,  and  in  the  terres- 
trial forms  the  prostomium  does 
not  lodge  the  cerebral  ganglion. 
In  Stemaspis  spinosa  the  pro- 
stomium is  elongated  and  bifur- 
cated like  the  proboscis  of  the 
Gephyreu  iirmata  {ride  infni). 

The  last  segment  is  termed 
the  anal  sejmeiii,  owing  to  its 
bearing  the  anal  ojiening;  it 
differs  from  the  preceding  seg- 
ments also,  usuallr,  in  wanting 
the  parapodiii  and  in  having  a 
pair  of  s]>ecial  cirri,  the  a7ifil 
cirri. 

BranchlB  are  borne  on  the 
dorsal  surfaces  of  more  or  fewer 
of  the  seguients  in  many  of 
the  Polycha-ta,  Sometimes  they 
occur  on  all,  or  nearly  all,  the 
segments :  Kometimos  they  are 
confined  to  the  middle  region  of 
the  body :  sometimes  they  are 
present  only  at  the  anterior  end, 
as  in  the  majont  v  of  the  Tuhiaild 
(Figs.  337  and"  342).  In  the 
Terebellida  the  branchiie  arc 
situated  on  the  flursal  surfaces 
of  some  of  the  anterior  sR'gnu'nts. 
In  the  Scrpufida-  they  fonu  twci 
incomplete  lateral  circlets  of 
elongated  apjiendages,  situated 
at  the  antenur  end  of  the  btHly, 
and  apiMirently  apjiendages  of 
the  prostoraial  segment,  snji- 
ported  sometimes  by  a  cartila- 
ginous skeleton :  one  of  thi'm 
IS  enlarged  to  fi>rin  a  stop|)er,  or 
opercttlvm  (t^.),  often  anneil  witit 
calcareous    plates     an<l    spines. 
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for  the  closure  of  the  mouth  of  the  tube  in  which  the  annelid 
lives.  In  shape  the  branchiffi  are  sometimes  filiform,  some  times 
compressed  and  leaf-like,  sometimes  branched  in  a  tree-like 
manner,  sometimes  pinnate.  In  Scrjmla  (Fig.  349)  and  its  allies 
each  branchia  consists  of  an  elongated  stem,  on  which  are  borne 
two  rows  of  short  filaments.  The  surface  of  the  branchise  i» 
usually  ciliated.   They  are  richly  supplied  with  blood-vessels,  when 


-.^■. ,.  a^>l?^'- ^' 


Fic.  S4:i  — TerebellB.    {After  Quntrefn^v.) 

a  blood-vascular  system  is  developed  ;  in  Ghjcera,  in  which  then- 
are  no  blood-vessels,  each  branchia  contains  a  diverticulum  of  the 
coelome. 

In  the  Oligochaeta  branchioe  are  rarely  present :  but  in  certain 
worms  of  the  family  TnbificUla:  there  are  metamerically  arranged 
simple  branchiie  on  the  segments  of  the  posterior  region,  which  is 
thejiart  ordinarily  protruded  from  the  tube. 

The  body-waU  consists  of  a  cuticle,  an  epidermis,  muscular 
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layers,  and  a  layer  of  peritoneum.  The  cuticle,  composed  of  a 
chitinoid  material,  usually  presents  two  systems  of  fine  lines  inter- 
secting one  another  at  right  angles:  it  is  perforated  in  many 
? laces  by  the  ducts  of  the  unicellular  glands  of  the  epidermis, 
'he  epidermis  consists  of  a  single  row  of  cells,  with,  in  some  cases, 
smaller  cells  of  replacement  intercalated  between  their  inner  ends. 
In  shape  the  cells  vary  greatly  in  different  families  and  often  in 
different  parts  of  the  body  of  the  same  wonn,  being  sometimes 
flattened,  sometimes  cubical  or  polyhedral,  but  more  usually  more 
or  less  vertically  elongated.  Cilia  occur  on  the  surface  in  certain 
parts  in  many  Chajtopoda.  Among  the  ordinary  cells  of  the 
epidermis  there  are  usually  numerous  unicellular  glands  often 
containing  rod-like  bodies.  In  the  tubicolous  fonns  these  unicel- 
lular glands  are  active  in  secreting  the  material  for  the  construc- 
tion of  the  tube.  In  addition  the  epidermis  frequently  contains 
sensory  cells,  which  are  in  many  cases  contained  in  certain  special 
elevations  or  sensory  papilla?. 

The  mitscular  part  of  the  body-wall  consists  of  two  layers,  in  the 
outer  of  which  the  fibres  are  disposed  circularly,  while  in  the 
inner  their  arrangement  is  longitudinal.  The  circular  layer  is 
continuous,  or,  more  usually,  inteiTupted  opposite  the  intervals 
between  the  segments.  The  longitudinal  layer  is  disposed  in  four 
bands  in  the  Polychjeta,  two  dorso-lateral  and  two  ventro-lateral. 
In  the  Oligochapta  it  is  divided  by  the  setigerous  sacs  which  pass 
through  it. 

TYia  peritoneum  or  caUmiic  epithelium  consists  of  a  single  layer  of 
cells.  These  are  usually  non-ciliated,  but  are  ciliated  in  the 
Aphroditea,  Gli/ca^n,  and  some  others,  the  movement  of  the  cilia 
bringing  about  an  active  circulation  of  the  fluid  in  the  coelome, 
the  ceelomic  or  2^crivisc€r(f I  /In id. 

The  body-cavity  or  calnme,  a  wide  space  intervening  between 
the  wall  of  the  bcxlv  on  the  one  hand  and  that  of  the  enteric 
canal  on  the  other,  is  divided  in  many  Chji'topoda  by  a  series  of 
transverse  septa  or  mesenteries  into  a  series  of  chambei*s  corre- 
sponding to  the  segments.  The  septa  are  not  complete  partitions, 
there  being  always  apertures  of  greater  (jr  k*ss  extent  by  which 
the  cavities  of  neighbouring  segments  communicate.  The  septa 
consist  of  double  folds  of  the  peritoneum  enclosing  muscular 
fibres. 

The  enteric  canal  is  an  elongated,  and  nearly  always  straight, 
tube,  running  through  the  entire  length  of  the  IxkIv  from  mouth 
to  anus.  A  number  of  different  parts  are  usually  distinguishable  ; 
but  their  disposition  varies  to  a  very  great  extent  in  the  different 
groups.  The  buccal  cavity,  into  which  the  mouth  leads,  is  followed 
by  a  muscular  pharvTix :  these  are  lx)th  foruR^d  in  the  embryo  by 
invagination  of  the  ectodenn,  and  therefore  correspond  to  a  stoma- 
damm.     The  muscular  pharynx  is  absent  in  .some  of  the  tubicolous 
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PolychEeta ;  whea  present  it  is  frequently  protrusible  to  a  greater 
or  less  extent  (see  Fig,  336);  around  its  extremity,  when  it  is 
fully  protruded,  are  to  be  seen  a  circlet  of  papillfe  in  some  forms ; 
and  in  many  one  or  more  homy  teeth,  situated  in  its  interior,  are 
brought  into  play.  A  gizzard  with  thick  walls  may  follow  upon 
thia  protrusible  pharynx,  sometimes  preceded  by  an  cesophagus, 
which  may  be  dilated  behind  into  a  crop.  The  intestine  is  nearly 
always  more  or  less  deeply  constricted  between  the  segments,  and 
in  the  Aphroditea.  or  Sea-mice  (Fig.  343),  there  are  in  each  of  the 
segments  (with  the  exception  of  one  or  two  of  the  most  anterior 
and  one  or  two  of  the  most  posterior)  a 
pair  of  coxa  which  are  to  a  greater  or  less 
extent  branched  at  their  extremities.  In 
the  Heiionida  and  Syllida  a  pair  of  cteca 
which  open  into  the  anterior  part  of  the 
intestine  frequently  contain  gas,  and  prob- 
ably have  a  hydrostatic  function.  In  some  of 
the  terrestrial  OligochEeta  (ELarthworms)  a 
fold  of  the  intestinal  wall,  the  tpphlosole, 
projects  into  its  lumen.  The  intestine  is 
straight  in  most,  but  is  somewhat  coiled  in 
the  Uhlm-a^inid(t,  Stemaspis,  and  others.  The 
wall  of  the  alimentary  canal  consists  (1)  of 
the  visceral  layer  of  peritoneum;  (2)  of 
longitudinally    arranged    muscular     fibres; 

(3)  of  circularly  arranged  muscular  fibres ; 

(4)  of  enteric  epithelium.  The  peritoneum 
on  the  surfece  of  the  intestine  has  in  many 
ChaBtoi>oda  its  cells  enlarged  and  granular 
to  form  the  so-called  chloragen  cells,  which 
probably  have  an  excretorj'  function.  The 
epithelium  is  very  generally  ciliated ;  it  con- 
tains numerous  gland-cells.  In  addition  the 
stomodieum  and  the  proctodasum  are  lined 
internally  by  a  cuticular  layer,  which  is  con- 
tinuous with  the  cuticle  of  the  general  surface.  The  anus  is 
usually  terminal  in  position,  sometimes  directed  towaitls  the 
dorsal  aspect.  There  is,  in  most  instances,  a  longitudinal  mesen- 
tery running  to  the  alimentar)'  canal  from  the  dorsal  body-wall ; 
and  sometimes  a  ventral  mesentery  is  also  present  bearing  a 
corresponding  relation  to  the  ventral  surface. 

Some  Chjetopoda  are  entirely  devoid  of  blood-veMeli.  In  one 
family  in  which  this  occurs  (the  Glycerida  among  the  errant  Poly- 
chteta),  the  perivisceral  fluid,  which  assumes  some  of  the  functions 
of  the  blood,  contains  numerous  red  corpuscles,  the  red  colour  of 
which  is  due  to  the  presence  of  haemoglobin  (see  p.  34).  In  the 
majority  of  the  Chietopoda  there  is  a  highly  developed  vascular 
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system.  Sometimes  the  blood  is  colourless:  very  commonly  it 
is  bright  red  in  colour,  owing  to  the  presence  of  haemoglobin, 
which  is  not  confined  to  the  corpuscles,  but  is  dissolved  in  the 
plasma.  In  Serpula  and  its  allies  the  blood  is  bright  green,  owing 
to  the  presence  of  a  green  colouring  matter,  which  has  an  affinity 
for  oxygen  similar  to  that  possessed  by  haemoglobin. 

The  chief  blood-vessels  are  usually  dorsal  and  ventral  longi- 
tudinal trunks.  These  are  connected  together  by  metamerically 
arranged  transverse  branches.  In  some  of  the  Tubicola  the  dorsal 
vessel  is  not  present,  its  place  being  taken  by  a  circum-intestinal 
sinus  or  a  circum-intestinal  plexus  of  vessels  Ijing  in  the  wall  of  the 
alimentary  canal.  The  movement  of  the  blood  is  effected  in  most 
instances  by  peristaltic  contractions  of  the  dorsal  vessel  or  of  a 
circum-intestinal  sinus  or  plexus,  or  of  a  short  and  wide  dorsal 
cardiac  sac  given  off  by  the  latter  anteriorly,  having  the  eflfect  of 
driving  the  blood  from  behind  forwards.  In  some  instances,  as  in  the 
Earthworms  and  some  Tubicola,  specially  dilated  lateral  vessels  are 
contractile,  and  by  their  pulsations  bring  about  the  circulation  of 
the  blood  through  the  system  of  vessels.  Plexuses  of  fine  capillary 
vessels  in  the  integument  of  various  parts  frequently  aid  in 
respiration,  and  are  particularly  well  developed  in  certain  forms  in 
which  definite  organs  of  respiration  are  absent. 

The  nervous  system  consists  of  a  cerebral  ganglion  or  brain 
and  a  double  ventral  chain  of  ganglia.  The  cerebral  ganglion  is 
distinctly  bilobed,  and  may  be  looked  upon  as  composed  of  two 
intimately  united  ganglia.  It  is  almost  invariably  situated  in  the 
prostomium,  though  placed  a  little  further  back  in  the  Earth- 
worms ;  it  gives  off  branches  to  the  eyes  and  tentacles.  From  it 
there  run  backwards  and  downwards  the  paired  (esophageal  con- 
nectiveSy  which  embrace  the  anterior  part  of  the  alimentary  canal 
between  them,  and  below  join  the  anterior  end  of  the  ventral  chain 
of  ganglia.  The  latter  always  exhibits  indications  of  being  made 
up  of  two  lateral  halves,  in  the  double  character  of  the  connecting 
commissures,  and  frequently  of  the  ganglia  themselves.  One  of 
these  double  ganglia  occurs  in  each  seginc*nt,  and  from  it  a  number 
of  nerves  pass  out  to  the  various  parts  of  the  segment.  In  certain 
Tubicola  (Serpula  and  others)  the  two  halves  of  the  chain  are 
separated  from  one  another  by  a  wide  s|\ice,  across  which  trans- 
verse commissures  pass  between  the  gjinglia.  Connected  with  the 
cerebral  ganglia,  or  with  the  oesophageal  conn(»ctivi*s,  or  with  both, 
there  is  a  system  of  delicate  sto  mat  agastric  nerves  passing  to  the 
walls  of  the  anterior  part  of  the  alimentar}'  canal.  In  the  majority 
of  the  ChaptojKxIa  the  cerebral  ganglion  and  the  ventral  chain  are 
separated  from  the  ejndermis  bv  muscular  layers :  in  some,  how- 
ever, the  ventral  chain  is  in  contact  with  the  epidenuis  :  and  in 
certain  primitive  or  abermnt  forms,  the  Archi-ChtetojKKla  (Fig. 
344)  and  Stemaspis,  the  cerebral  ganglion  is  in  close  union  with 


the  epidcTiuis ;  in  these  also  the  ventra!  cord  is  not  sc-gmeated 
into  ganglia.  Running  iongitndinalJy  through  the  ventral  cord  in 
many  fonns are  CL-rtain  gian/.  fibres  of  very  \aTgs  size  :  though  these 
may  have  rather  a  skeletal  than  a  nervous  function,  they  ara  simply 
greatly  enlarged  and  modified  nerve-fibrea.  Nerve-cells  may  be 
confined  to  the  ganglia,  or  may  be  distributed  over  the  entire  sur- 
face of  the  ventral  cord.  Giant  nerse-edls  occur  in  some  forms  in 
certain  regions.     Small  ganglia  occur  frequently  in  various  peri- 
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pheral  parts,  at  the    bases  of  cirri   or  of  sensory   papilla   more 
especially. 

The  organs  of  Bpecial  lenie  are  eyes,  tentacles  and  dtri,  and 
otoei/sts.  Eyes,  absent  in  all  the  Oligochssta  with  a  few  exceptions, 
and  in  some  of  the  tube-forming  Polychfeta,  as  well  as  in  a  i'ew 
free  forms  of  that  sub-class,  are  very  general  in  their  occurrence. 
Their  structure  is,  as  a  rule,  very  simple,  but  in  some  reaches  quite 
a  high  grade  of  development.  Usually  they  are  confined  to  the  pro- 
stomium,  but  Polyophthalmus.  in  addition  to  the  prostomial  eyes,  has 
pairs  of  eye-like  organs  on  many  of  the  segments  of  the  body. 
Leptochone  has  a  pair  on  each  segment,  and  in  Fabricia  there 
is  a  pair  on  the  anal  segment,  while  in  many  species  of  Sabella 
and  all  the  species  of  Dasychoru  there  are  eyes  or  eye-like  organs 
on  the  branchial  filaments. 
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Most  usually  the  eye  is  (as  in  Nereis,  p.  410,  Fig.  324)  a 
spherical  capsule  with  a  wall  composed  of  a  single  layer  of  cells, 
which  are  elongated  on  the  inner  side,  i.e.  the  side  turned  towards 
the  brain,  while  on  the  outer  side  they  are  usually  flattened.  The 
outer  thin  part  of  the  wall  of  the  capsule  or  cornea,  is  some- 
times united  >vith  the  epidermis;  when  the  two  layers  remain 
distinct,  the  outer  one  is  the  miter  cm^nea,  the  inner  the  mw^r 
cornea.  In  many  cases  a  thickening  of  the  surface  cuticle  over  the 
cornea  forms  a  cuticular  lens.  The  cells  of  the  inner  portion  of 
the  wall  of  the  capsule  form  the  elements  of  the  retina ;  they  are 
long  narrow  cells,  sometimes  composed  of  three  distinct  segments 
— (1)  a  clear  rod,  directed  towards  the  central  cavity ;  (2)  a  middle 
segment  which  is  densely  pigmented ;  and  (3)  a  segment  contain- 
ing the  nucleus  of  the  cell  and  directed  towards  the  brain  or  the 
optic  ganglion,  with  which  it  is  connected  by  a  nerve-fibre.  Fre- 
quently the  second  and  third  segments  are  not  to  be  separately 
recognised,  the  whole  of  that  part  of  the  cell  which  contains  the 
nucleus  being  densely  pigmented. 

A  refractive  mass  fills  the  interior  of  the  capsule,  and  is  some- 
times distinguishable  into  a  firmer  outer  part,  the  lens,  and  a  more 
fluid  inner  part,  the  vitreous  body.  This  refractive  mass  is  often 
continuous  with  the  cuticle  externally,  and  internally  may  be  in 
continuity  with  the  rods.  In  some  cases  the  structure  of  the  eye 
is  very  much  simpler. 

Otocysts  are  only  exceptionally  present.  They  consist  of  capsules 
of  ciliated  cells,  in  the  fluid  contained  in  which  there  is  one  or 
several  calcareous  otoliths. 

Ciliated  grooves  occur  on  the  prostomium  of  many  forms;  in 
Aricia  they  are  present  on  all  the  segments ;  they  have  a  special 
nerve-supply,  but  their  function  can  only  be  conjectured.  Tactile 
cells  of  the  epidennis,  with  or  without  a  projecting  tactile  hair  or 
stiff  cilium,  are  very  common,  especially  on  the  prostomium  in  the 
Oligochaeta  and  on  the  tentacles  and  cirri  in  the  Polychaeta. 
Groups  of  these  are  oflen  aggregated  together  in  papillce  or 
gohlet-iodies  with  special  nerve-supply,  and  often  A^-ith  a  ganglion 
or  a  single  nerve-cell  at  the  base. 

The  organs  of  excretion  of  the  Chjrtopoda  are  a  series  of 
segmen tally  arranged  tubes,  the  ncphridia,  of  which  a  jmir,  as  a 
rule,  occur  in  each  of  the  segments  of  the  body,  with  the  exception 
usually  of  a  few  at  the  anterior  and  a  few  at  the  posterior  end. 
In  its  simplest  form  the  nephridium  is  a  curved  tube,  ciliated 
internally,  opening  on  the  exterior  by  a  laterally  placed  pore  at 
the  one  extremity,  and  at  the  other  ending  in  a  ciliated  funnel 
or  nephrostomc,  which  opens  into  the  cavity  of  the  corres|)onding 
segment.  The  nej>hridia  thus  effect  a  communication  between 
the  ccelome  and  the  exterior,  and  serve  to  carry  off  waste  products 
which  have  jmsseil  into  the  coelomic  fluid :  but  in  many  instances 
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the  cells  lining  the  tube  are  active  in  separating  out  such  waste 
matters,  and  are  loaded  with  granules  and  concretions.  The  com- 
munication which  they  establish  with  the  exterior  also  enables 
the  nephridia  to  take  on  the  additional  function  of  reproductive 
ducts,  as  will  be  more  particularly  noticed  in  discussing  the  repro- 
ductive system.  The  outer  part  of  the  tube  is  usually  more  or 
less  dilated ;  the  inner  narrower  part  in  some  cases  consists  of  a 
row  of  perforated  cells,  the  lumen  being  intra-cellular.  The  ex- 
ternal apertures  are  nearly  always  ventral  in  position  ;  in  Polynoe 
and  its  allies  they  are  situated  on  short  tubercles  or  papillw. 
Sometimes  the  nephridia  are  confined  to  a  certain  region  of  the 
body.  In  some  families  of  Polychseta  there  is  a  single  pair  of  large 
nephridia  in  the  anterior  region  of  the  body,  with  or  without 
smaller  pairs  in  the  posterior  segments,  the  former  alone  appear- 
ing to  have  an  excretory  function.  In  Sterriaspis  only  a  single 
pair  of  nephridia  is  present.  In  the  great  majority  of  the  Poly- 
chseta  the  nephridia  have  the  function  of  reproductive  ducts  as 
well  as  of  excretory  organs.  In  the  Oligochaeta  the  ordinary 
nephridia  do  not  possess  this  function :  usually  they  are  simple 
elongated  and  coiled  tubes,  a  pair  or  sometimes  more  than  one  in 
each  segment ;  but  in  some  tnese  are  replaced  or  supplemented 
in  certain  of  the  segments,  or  in  all,  by  a  branching  system  of 
tubes  with  scattered  ciliated  funnels.  In  one  genus,  though  paired 
nephridia  are  present,  they  do  not  open  directly  on  the  exterior, 
but  communicate  with  a  branching  system  of  tubes  consisting  of 
four  principal  longitudinal  vessels  and  segmentally  repeated  trans- 
verse branches.  Sometimes  the  ordinary  nephridia  are  not  de- 
veloped in  the  segments  lodging  the  reproductive  organs,  their  place 
being  there  taken  by  three  pairs  of  tubes  (mesonephridia)  which 
become  modified  to  give  rise  to  the  reproductive  ducts ;  but  ordinary 
nephridia  may  be  present  in  these  segments  as  well.  In  some 
Oligochaeta  the  nephridia  of  the  most  anterior  segments  open 
into  the  mouth  or  pharynx,  and  have  apparently  taken  on  the 
function  of  digestive  glands  (peptonephrulia). 

The  mode  of  development  of  thcvse  tubes  varies  in  different 
instances.  In  some  cases  they  are  formed,  like  the  excretory  tubes 
of  Platyhelminthes  and  Trochelminthes,  from  cells  of  ectodermal 
origin  (edo-nephridia).  In  others  their  source  is  mesodermal,  each 
tube  being  formed  as  a  funnel-like  outgrowth  of  the  peritoneum 
(peritoneal  funnel)  which  subsequently  comes  to  open  on  the 
exterior  (mesonephridia).  In  other  cases,  again,  both  ectoderm 
and  mesoderm  take  part  in  their  formation,  tlie  peritoneal  funnel 
becoming  connected  with  an  ingrowth  of  the  ectoderm  (diplo- 
ncphridid).  The  ordinary  nephridia  of  the  Oligochaeta  are  ectu- 
nephridia ;  those  of  the  Polychaeta  for  the  most  part  diplonephridia. 

The  pennanent  nephridia  of  the  adult  Chietopod  are  preceded 
in  the  larva  by  a  series  oi  provisioned  or  embryonic  nephndia  of  a 
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temporaiy  character.  These  have  been  found  to  occur  in  the  head 
(prostomium)  of  many  larval  Otigochfeta  and  Polychjeta.  They 
are  ciliated  intra-cellular  tubes,  sometimes  branched,  which  do 
not  open  into  the  cavity  of  the  prostomium.  Sometimes  ciliary 
flames  projecting  into  the  lumen  occur  at  the  inner  ends  of  the 
branches  or  of  the  undivided  tube.  Embryonic  nephridia  have 
also  been  shown  to  occur  in  the  body  in  certain  forms. 

In  the  arrangement  of  the  reproductlTe  organs  in  the 
Chfetopoda  there  is  an  essential  difference  between  the  two  sub- 
classes, the  Oligochfeta  being  hermaphrodite,  and  the  Polycheeta, 
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with  only  a  very  few  exceptions,  unisexual.  In  the  lutci-r  the 
goiuids,  ovaries  or  testes  as  the  casi'  may  W,  aiv  masse.*  of  cells 
which  are  develoiKii  ns  the  result  i>f  a  sort  nf  jirolifcration  of  the 
ccelomic  epithelium  in  certain  ]K>!>iti<ins(Fig.  ;t+5).  Usually  these 
organs,  which  are  only  conspicuous  about  the  br^'cding  seasiui.  occur 
in  the  great  mnjurity  <>f  the  segments  nf  the  liody :  sometinu-s  they 
are  confined  to  a  certain  region.  The  exact  place  which  they 
occupy  in  the  interi<ir  of  the  segment  varie.-*  In  dift'i-rent  Ciwes. 
Sometimes  they  sumnind  one  nf  the  prinnjiid  bliKwI-vessels; 
sometimes  they  are  situated  latendly,  in  the  Iwses  nf  the  })ara- 
podia.  The  spenus  fntpiently  uncKrgn  the  final  stages  in  their 
dovelopment    after  they   haie  beciiini,-  tietached  from    thi-  testes 
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while  floating  in  the  ccBlomic  fluid,  and  the  same  sometimes 
holds  good  of  the  ova.  Both  sperms  and  ova  appear  to  reach  the 
exterior,  in  the  majority  of  cases,  through  the  nephridia,  which 
may  become  modified  and  enlarged  at  the  breeding  season,  though 
in  some  forms  it  is  stated  that  the  reproductive  cells  escape 
through  temporary  or  permanent  openings  in  the  body- wall.  Im- 
pregnation takes  place  externally  in  nearly  all. 

In  the  Oligochaeta  the  reproductive  organs  are  confined  to  a 
certain  limited  region  of  the  body.  There  are  either,  as  in  the 
Elarthworms,  two  pairs  of  testes,  or  a  single  pair,  as  in  the  aquatic 
forms.  The  testes  are  small,  and  frequently  become  reduced  to 
mere  vestiges  in  the  adult  animal,  having  mainly  become  broken 
up  into  sperm-mother-cells,  which  in  some  way  reach  the  vesicular 
seminales  to  undergo  development  into  mature  sperms.  The 
vcsicidw  seminales  are  comparatively  large  sacs,  which  vary  in 
number  and  arrangement  in  the  different  genera.  One  or  two 
median  spenn-sacs,  formed  by  the  coalescence  of  pairs  of  vesiculae, 
may  be  present  or  absent.  In  the  same  segments  as  the  testes, 
and  opening  into  the  sperm-sacs  when  the  latter  are  developed,  are 
either  two  or  four  ciliated  funnels  (mesonephridia),  according  to 
the  number  of  the  testes,  leading  into  efferent  ducts.  All  the 
four  ducts,  when  four  are  present,  may  remain  distinct,  or  the 
two  ducts  of  each  side  may  open  into  a  common  atrium,  or  they 
may  unite  to  form  a  common  elongated  vas  deferens,  opening  at  the 
male  genital  aperture. 

There  are  never  more  than  two  ovaries,  which,  like  the  testes, 
are  of  very  small  size.  The  ova  may  become  mature  in  the  ovary, 
or  groups  of  cells  may  become  detached  from  the  latter  and  one 
cell  in  each  group  ripen  into  an  ovum.  A  receptaculum  ovcrrum 
occasionally  receives  the  ova  after  they  leave  the  ovary.  There 
are  two  oviducts,  which  open  by  funnel-shaped  apertures  into  the 
coelome. 

Development. — The  Oligocha^ta  deposit  the  eggs  in  cocoons, 
either  buried  in  the  earth  or  attached  to  water-plants.  The 
cocoon  contains,  in  addition  to  a  number  of  fertilised  ova,  a  quan- 
tity of  an  albuminous  fluid  which  serves  as  nourishment  to  the 
developing  embryos.  Segmentation  is  always  unequal.  In  the  forms 
in  which  food-yolk  is  scanty  there  is  a  process  of  embolic  in- 
vagination (Lumhricus  riihelhis):  in  the  others  ( Tuhif ex,  &lc.)  the 
process  is  of  the  epibolic  type.  In  the  former  case  a  blastula  and 
an  invaginate  gastrula  are  formed  in  the  way  already  described 
in  the  case  of  the  Earthworm.  In  Lumhricus  trajjczoiiies  the 
gastrula  divides  into  two,  each  half  subsequently  giving  rise  to 
an  embryo.  In  the  latter  the  raicromeres  spread  over  the  mega- 
meres  very  much  as  in  the  Polychajta.  A  pair  of  mesoderm  cells 
early  appear,  and  by  their  division  form  the  mesoderm  bands.  No 
free  larv^al  stage  similar  to  the  Trochosphere  occurs  in  any  of  the 
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Oligochseta,  but  the  stage  intervening  between  the  completion  of 
the  gastrula  and  the  commencement  of  the  segmentation  of  the 
mesoclenn  Imnds  corresponds  to  the  Trochosphere  in  essential 
respects,  and  in  some  forms  there  is  recognisable  a  feebly  de- 
veloped circlet  of  cilia  comparable  to  the  prototroch,  and  in  some 
A  pair  of  head  nephridia. 

Impregnation  and  the  development  of  the  embr}'o  take  place 
externally  in  all  the  Chaetopoda,  with  a  very  few  exceptions,  in 
which  development  takes  place  in  the  coelome  or  in  the  interior 
of  a  dilated  segmental  organ.  In  the  Polychaeta,  in  the  great 
majority  of  cases,  fertilisation  takes  place  by  the  spenns  coming 
in  contact  with  the  ova  when  both  have  become  discharged, 
and  the  development  of  the  embryos  goes  on  while  they  are 
floating  freely  in  the  sea.  There  are  a  few  cases  in  which  the 
impregnated  ova  are  received  into  a  sort  of  brood-pouch  and 
there  pass  through  at  least  the  earlier  stages  of  their  development. 
Such  a  brood-pouch  is  formed  in  certain  Errantia  by  the  raising 
up  of  the  integimient  on  the  ventral  surface.  In  some  species  of 
Polynoe  and  allied  genera,  the  fertilised  ova  and  the  resulting 
embryos  adhere  in  masses  to  the  dorsal  surface  under  the  shelter 
of  the  elytra.  In  some  other  Errantia  they  are  stuck  by  means 
of  some  viscid  secretion  all  over  the  dorsal  surface,  or  they  may 
adhere  singly  to  the  ventral  cirri.  In  certain  Tubicola  (Fig.  346) 
they  develop  in  a  cavity  in  the  operculum  ;  in  others,  in  the 
interior  of  the  tube,  between  the  body  of  the  worm  and  the  inner 
surface  of  the  latter,  or  on  its  outer  surface.  In  some,  again, 
though  the  ova  do  not  remain  in  any  way  attached  to  the  parent 
worm,  they  may  be  deposited  in  clum])s  or  jmckets  enclosed  in 
gelatinous  matter.  Usually  they  have  no  other  covering  but 
the   egg-membrane. 

The  segmentation  of  the  ovum  in  the  Polychapta  is  uneijual. 
In  the  great  majority  the  inecpiality  Ix^twoen  the  megameres  and 
micromeres  is  very  marked.  In  some  Serpulids,  however,  the  differ- 
ence is  very  slight,  and  the  two  sets  of  cells  are  at  first  scarcely 
distinguishable.  In  such  ca.ses  the  cells  arrange  themselves  in 
such  a  way  as  to  form  the  wall  of  a  hollow  s])here,  the  blasttf/a, 
with  an  internal  c1os<h1  cavity,  the  sefjmrntatioii  cavity.  The 
megameres.  which  may  or  may  not  have  been  distinct  fn:>m 
the  first,  lie  on  one  side  of  the  blastula  :  and  stnai  this  side 
becomes  invaginated  (Fig.  347,  A),  the  result  being  the  forma- 
tion of  an  emhoUc  gasfrula.  In  the  great  maji)rity  of  forms, 
however,  an  cpiholic  gasfmla  is  fonned  after  the  manner  already 
described  in  the  case  of  Nereis;  but  forms  of  the  process 
of  gastrulation  intennt^diate  betwet^i  these  two  extremes  have 
been  observed  to  occur.  The  blasto]>ore  of  tlie  gastrula,  however 
formed,  does  not  give  rise  directly  either  to  the  mouth  or  to  the 
anus.     It  Ix^comes  elongated  into  a  slit  which  becomes  closed  up. 


and  the  anus  ami  pi-octodsem  are  formed  by  a  fresh  invagination 
in  the  original  position  of  its  posterior  end,  while  another  in- 
vagination of  the  ectoderm    further  forwards  gives  rise   to   the 


mouth    and    stomodieum.      The    embryo   thei 

Trochosphere  stage. 

The  arrangement  of  the  cilia  on  the  surface  of  the  Trochosphere 
varies  in  difi'erent  Polychieta.    Sometimes,  though  rarely,  the  prse- 
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oral  circlet  U  absent,  and  the  sui&ce  is  covered  uniformly  with 
cilia ;  such  lar\'se  are  said  to  be  cUrochal.  Sometimes  there  are 
two  circlets  close  together,  the  one  immediately  in  front  of,  and 
the  other  immediately  behind,  the  mouth.  Sometimes,  in  addition 
to  the  pne-oral  circlet,  there  is  a  pen-anal  circlet  round  the  anal 
end  itelotrochal  larvie).  In  some  cases,  instead  of  a  prte-oral  circlet, 
there  is  one  further  back  round  the  middle  of  the  body  (nuto- 
trechal),  or  there  may  be  several  between  the  mouth  and  the  anal 
end  {polytrochal). 

The   post-oral   portion  of  the   larva  elongates,  and   traces   of 
segmentation  become  visible ;  sometimes  a  series  of  constrictions 


haKl-nephridlui 
post  onl  cilLAtc< 


■r\  tn,  |ii>laroelLi  ol 
.  utnllth :  '!•,  uviinl  platu :  ■(.  uti 


are  developed  before  there  is  any  trace  of  panij)odia,  sometimes  rudi- 
ments of  trie  latter  with  their  seta-  are  develojMxi  first.  The  number 
of  segments,  at  first  very  small,  becomes  udded  to  fnim  behind  as  the 
body  gradually  elongates.  The  establishment  otextonial  segmenta- 
tion is  accompanied  by  the  division  of  the  inesodenn  bands  into 
a  series  of  wogments,  the  history  nf  which  lnus  been  sketcheil  in 
describing  the  development  of  Nereis.  The  ectmlerm  of  the  ventral 
plate  develops  a  median  thickening  which  gives  rise  to  the  ventral 
nerve-cord.  Anteriorly  this  becomes  connecti-d  liy  a  jmir  of  thick- 
enings at  the  sides  of  the  mouth,  the  rudinn;nts  of  the  itsophageal 
connectives,  with  the  developing  cerebral  ganglion. 

The  completion  of  the  metamorphosis  is  biMught  about  by  the 
increase  in  length  of  the  body,  and  concomitant  increase  in  the 
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number  of  segments,  by  the  full  development  of  the  various 
systems  of  internal  organs,  and  by  the  formation  of  the  tentacles 
and  other  appendages.  The  parapodia,  when  first  formed,  very 
usually  bear  relatively  long  provisional  seta\  which  are  subsequently 
thrown  off  to  make  way  for  those  of  the  adult. 

dAiiezual  reproduction  by  simple  fission  followed  by  regenera- 
tion of  the  lost  segments,  or  by  proliferation  followed  by  fission, 
occurs  in  certain  groups  of  Chsetopoda  both  among  the  Oligochaeta 
and  the  Polychaeta.  Simple  fission  occurs  in  Salmaciim,  one  of 
the  Serpulids :  a  constriction  becomes  formed  at  a  certain  point 
towards  the  posterior  end;  rudiments  of  a  new  set  of  cephalic 
branchiae  bud  out  on  one  side  at  this  point,  and  this  posterior 
part  becomes  a  distinct  zooid,  which  is  eventually  separated  off 
and  develops  the  full  number  of  segments  characteristic  of  the 
adult.  This  is  not  in  any  way  a  case  of  alternation  of  generations, 
as  both  parent  and  offspring  are  similar  and  sexual  (hermaphro- 
dite). In  Nais  and  Chcetogaster  (Oligochaeta)  there  is  multiplica- 
tion by  proliferation  of  the  segments  at  the 
posterior  end  ;  then  the  appearance  of  a  con- 
striction separating  oflf  five  or  six  of  the  most 
posterior  segments,  followed  by  a  fresh  pro- 
liferation in  front  of  the  constriction,  and 
this  in  turn  by  the  appeai'ance  of  a  second 
constriction  five  or  six  segments  further 
forwards — the  result  being  the  development 
of  a  chain  of  zooids  which  remain  for  a  time 
connected  together.  The  sexual  cells  be- 
come fully  developed  only  after  the  zooids 
have  become  separated  from  one  another. 
In  some  of  the  Syllidae  (Errantia)  there  is 
a  distinct  alternatioii  of  generations.  The 
asexual  worm  developed  from  the  ovum  gives 
rise  by  a  process  of  posterior  proliferation  and 
constriction  (Fig.  348)  to  sexual  zooids,  a 
number  of  which  may  remain  for  a  time  con- 
nected together  in  a  string  before  becoming 
separated.  These  sexual  zooids  become  de- 
veloped into  mature  males  or  females,  which 
may  be  remarkably  unlike  the  parent  form 
in  the  shape  of  the  parapodia,  the  character 
of  the  setae,  and  similar  points  ;  and  in  some 
instances  the  two  sexes  not  only  differ  from 
the  asexual  parent  form  but  from  one  another, 
so  that  the  three  forms,  before  their  relationship  was  known,  have 
been  set  down  as  representing  three  distinct  genera. 

Syllis  ramosa,  which  occurs  in  the  interior  of  cei-tain  deep-sea 
sponges,  is  exceptional  among  the  Chaetopoda  in  giving  rise  by 


Fio.  848.— Budding  in  ono 
of  the  Syllidae (-<4u/o/»/<jM 
comutus)j  parent  stock 
with  a  male  zooid  nearly 
ready  to  become  de- 
tached .    (After  Agassiz. ) 
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lateral  branching  to  a  colon}',  from  which  sexual  zooida  nfterwards 
become  separated  off. 

Mode  of  Life,  etc — Verj'  few  Chtetopotin  arc  trae  jxirasika ; 
but  a  considerable  number  are  to  be  set  down  as  commenwU 
habitually  associating  with  another  animal  for  the  sake  of  food 
and  shelter.  The  Ejirthworma  burrow  in  soil  containing  dccaj-ing 
vegetable  matter,  passing  the  mould  through  their  intestine  ana 
subsequently  throwing  it  off  in  the  shape  of  castings  on  the 
surface.  They  also  feed  on  de- 
caying leaves,  and  sometimes  on 
animal  substances.  Some  of  the 
fresh-water  Oligocha'ta  ( TuUji- 
ddfc)  nianufiicture  tubes  of  mud 
held  together  by  a  tenaceous  secre- 
tion from  the  epidennal  unicel- 
lular glands.  Soiue  of  the  Errant 
Polychs'ta  form  tenii>omry  tubes 
of  a  gelatinous  character,  or  more 
permanent  jwirchment-like  tubes 
sometimes  strengthened  by  means 
of  agglutinate!  1  sand-grains.  But 
the  majority  of  the  Errantia,  which 
live  for  the  most  jiart  on  other 
small  animals,  aw  not  confined  to 
tubes,  but  move  about  freely.  Some 
burrow  in  sand ;  others  even  in 
harder  substances,  such  as  the 
shells  of  Mollusca,  or  in  limestone, 
shale,  or  sandstone.  The  Tubicola 
secrete  tubes  the  substance  of  y\-.  a-K-aarvitit  wftii  tii.,ir  lubw. 
which  is  dcrivi-d  from  the  epider-  (A(i«ijiiHirffiij.-.«) 

mal  glands.  These  tubes  are  some- 
times membranaceous  or  jwrchuient-like,  sometimes  membran- 
aceous but  hanlened  by  the  deposition  of  gminsof  sjmd  or  particles 
of  broken  shellsorbits  of  sen-weed  :  sometimes  (Kig.  34S))thfy  are 
of  a  hard,  shelly,  calcareous  chnnicter,  sometimes  composed  entiivly 
of  foreign  particles  cementi-d  together;  vi>ry  frLipiently  they  are 
permanently  fixed  to  foreign  objc'cts.  Some  Tubiculn,  such  as 
species  of  Poliiihiit  and  Sti/lanoithn,  near  iflatives  of  which  con- 
struct tubes,  excavate  galleriw  in  riK'k  or  c<ind.  or  in  the  shells  of 
various  Mollusca.     The  Tubicola  are  vepetal)le-tei'<lers, 

A  few  Polychn'ta.  such  as  the  Alcifi'iiln-  and  Tomojittrin.  as  well 
as, in  a  certtiin  pha.-ie,  the  Xiiriih-  and  Sf/Hii/".  are  i>ilagic, but  the 
majority  live  on  the  sealxittom.  They  occur  in  greatest  alnindanco 
near  the  shoiv;  but  are  aisi)  found  at  all  depths  in  the  ocean,  the 
Tubicola  being  more  abundant  than  the  Errantia  in  the  deeiwr 
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Owing  to  the  soft  character  of  most  of  their  parts,  there  are 
comparatively  few  actual  remains  of  Ch8etoj)oda  in  the  older 
geological  formations,  though  there  are  many  burrows  and  tracks 
which  have  been  ascribed  to  members  of  that  class.  Tubes  of 
tubicolous  Polychaeta  have,  however,  been  found  in  formations 
dating  from  the  Cambrian  period  onwards.  Some  tubes  not 
distinguishable  from  those  of  the  existing  genus,  Spirorhis,  are 
found  as  far  back  as  the  Silurian ;  and  others,  apparently  closely 
related  to  the  living  Serpula,  as  far  back  as  the  Carboniferous. 
In  addition  there  are  a  number  of  tubes  of  extinct  fonns  ascribed 
to  the  tubicolous  Polych^ta.  The  homy  jaws  of  various  Errantia 
have  been  detected  in  strata  from  the  Cambrian  period  onwards  ; 
and  many  tracks  and  burrows  occurring  in  rocks  of  all  ages  are 
ascribed,  some  with  more,  some  with  less  certainty,  to  this  group 
of  worms.     No  fossil  remains  of  Oligochaeta  are  known. 


APPENDIX  TO  THE  CH^TOPODA. 

CLASS   MYZOSTOMIDA. 

The  Myzostoinida  are  a  group  of  wonns  which  appear  to  have 
their  nearest  relatives  in  the  Chaetopoda,  though  with  certain 
special  features  of  their  own.  They  are  all  external  parasites  of 
various  Crinoids,  both  of  the  stalked  and  the  free  varieties  or 
internal  parasites  of  certain  Starfishes.  They  are  disc-shaped 
animals  (Fig.  350)  devoid  of  any  trace  of  external  segmen- 
tation. There  are  patches  of  cilia  here  and  there  on  both 
dorsal  and  ventral  surfaces.  At  the  sides  there  are  five  pairs  of 
parduixlia  ( jr>),  each  with  a  chitinous  hook  and  a  supporting  rod ;  in 
the  mtervals  between  these  there  are  in  Myzostoma  four  pairs  of 
small  suckers;  and  round  the  margin  are  a  series  of  ten  or 
more  paii-s  of  cirri  provided  terminally  with  motionless  sensory 
cilia,  and  with  a  ventml  groove  lined  by  adhesive  cells.  The 
mouth,  situated  at  the  anterior  extremity,  leads  into  a  muscular 
pharjTix  (Fig.  ^bl.'ph)  capable  of  being  protruded  as  a  proboscis  : 
from  this  a  narrow  a}sophagus  leads  to  the  stomach,  which  gives  off  a 
number  of  branched  lateral  diverticula  {(in).  A  short  cloaca  {Klo) 
leading  from  the  stomach  opens  on  the  exterior  at  the  posterior 
end  of  the  body.  There  is  no  distinct  coelome,  the  space  between 
the  alimentary  canal  and  the  body-wall  being  filled  by  connective 
tissue  (pcirenchjTua),  leaving  only  the  cavities  in  which  the  sexual 
elements  are  lodged.  Bundles  of  dorso-ventral  nmscular  fibres 
fonn  imperfect  transverse  septa  as  in  some  Platyhelminthes. 

There  is  no  blood-vascular  system,  and  specialised  organs  of 
respiration  are  likewise  wanting.  No  nei>hridia  have  been  de- 
tected.    The  nervous  system  comprises  a  large  stellate  ganglion 
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situated  veBtrally,  probably  representing  a  number  of  fused  gaaglia, 
and  riving  oflF  a  number  of  nervea ;  and  of  two  nerve-rings,  one 
round  the  oesophagus,  the  other  round  the  pharynx,  the  two  rings 
being  connected  together  by  a  series  of  longitudinal  nerves :  the 
oesophageal  ring  presents  a  very  obscure  dorsal  thickening,  which 
is  the  only  representative  of  a  cerebral  ganglion. 
"^Most  of  the  Myzostomida  are  hermaphrodite.  There  is  some 
doubt  about  the  position  of  the  ovary,  but  in  the  sexually  mature 


II.  3H).— Hraoatoma.   (Aftt 


animal  branching  spaces  in  the  parenchyma  between  the  ca-ca  are 
found  to  be  filled  with  ova  (o).  A  large  utenin  («)  opens  into  the 
cloaca  by  three  ducts.  There  are  two  elongate*!  and  usually 
branched  testes  (A),  each  of  which  has  two  vasii  dcfcrentia  loailing 
to  a  vesicula  seminalis  (sb)  which  opens  near  the  lateral  iiiiirgins. 
A  few  species  are  ditecious.  In  one  species,  in  ad<litiiin  to  iht' 
ordinary'  hermaphrodite  individuals,  there  are  much  sniallor  males 
— the  "  com  pie  men  till  males." 

VOL.  I  (i  u 


The  development  uf  the  Myzostomida  closely  resembles  that  of 
the  Polychwta.  A  trochosphere  larva  is  first  formed,  and  this 
becomes  metamorphosed  into  &  kr\a  viih  provisional  setfe,  bearing 
a  close  resemblance  to  the  larva  of  Nei-eis  (p.  415). 


l3ijuyng™) 

geullal  Hp&rCuTB.    (Frum  lAug'i 


ifut  \%,  testes :  t'n,  iwirture  <>f  drmta ;  m.  Htomath ;  ino.  mula  geultiJ 
p,  pornpodia.  wktb  nooks  umI  aupportiitg  rod  ;  j/h,  yharyDX :  php, 
lAJ,  i^ftryngnU  pcmi-'h;  ff'.  vpsiiTiln  vcioltialls;  n,  w torus  :  wo,  female 


CLASS  II.— OEPHYSEA. 

The  Gephifrca  are  niacine  Anmilnta  devoid  of  any  trace  of  segment- 
ation in  the  adult  condition,  without  parapodia,  and  either  without 
eetse  or  with  only  a  limited  number ;  with  either  an  invaginable 
anterior  body  region  or  introvert,  at  the  extremity  of  which  is  the 
mouth  surrounded  by  tentacles,  or  with  a  long,  highly  retractile 
proboscis  representing  the  prae-oral  lobe  of  the  larva,  and  having 
the  mouth  situated  at  the  base.  The  anus  is  sometimes  terminal 
and  posterior,  sometimes  anterior  and  dorsal.  There  is  an  exten- 
" corpusculated  fluid,  and  not  divided  by 


sive  coelome  filled  with   ; 
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septa.  The  ventral  nerve-cord  is  not  made  up  of  a  series  of 
ganglia.  There  is,  as  a  general  rule,  only  a  single  pair  of  nephri- 
dia.  The  sexes  are  separate ;  the  ovaries  and  testes  simple  masses 
of  cells ;  the  nephridia  act  as  reproductive  duets.  The  larva  is 
a  trochoaphere. 

1.  Example  of  the  Ct-xafi—Sipiinadus  nuihis. 

Ctaneral  External  Features. — Siyitnculus  occurs  on  sand  at 
moderate  depths  off  the  coast  in  most  countries  outside  of  the 
tropics.  It  is  an  elongated  worm  of  a  cylindrical  shape,  somewhat 
narrower  toward.s  one— the  anterior— end.  There  is  no  trace  of 
division  into  scginotits.  The  anterior  jwrtion  of  the  body,  to  the 
extent  of  about  a  sixth  of  the  total  length,  is  capable  of  being 
involuted  within  the  part  be- 
hind. The  surface  of  this  an- 
terior part,  which  is  termed  the 
iviroveTt  (Fig.  352),  differs  in 
appearance  from  that  of  the 
rest  of  the  body  in  being 
covered  more  or  less  closely 
with  chitinous  papillre.  The 
papilla;  of  the  posterii>r  portion 
of  the  introvert  are  shaped 
like  the  bowl  of  a  spoon,  with 
the  concavity  turned  towards 
the  body-wall  and  the  tip 
directed  backwanis ;  they  are 
so  closely  arranged  as  to  overlap 
one  another  like  the  shingles 
of  the  roof  of  a  housi' :  further 
back  they  become  longi-r  and 
narrower,  niammillitiinn,  and 
more  scattered.  When  the  in- 
trovert     is     fully    evagiuatfd, 

there  appears  at  its  extremity  a  horseshoe-shiiju'd  folil  of  the 
integument,  the  inUneuhr  fold  {tait.),  which  is  lobed  ftn<l  ]ilaited 
(Fig.  353)  so  that  it  as.sumes  somewhat  the  apiH-aranoe  of  a  circlet 
of  tentacles.  For  a  little  s\kicv-  immediately  behinil  the  tenta- 
cular fold  the  surface  of  the  intn»vfrt  is  free  from  iwpillii'. 

The  posterior  jwrtion  of  the  body  is  devoid  of  ])apilla'.  but  is 
marked  out  by  a  number  of  narrow  iinitu-ssetl  lines  into  a  immber 
of  elongated  four-sided  areas. 

Body-wall.— The  .'iurface  is  cttvercd  Iiy  a  chitinoid  ^iitk/e 
having  an  iridescent  lustre  similar  to  that  jm'sented  by  the  cuticle 
of  Nereis  and  Lumbricus,  and  due  to  the  iviuiv  cause — viz.,  the 
;  of  two  systems  of  intercrossing  lines.     The  {Hipilla;  on 
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the  introvert  are  local  thickenings  of  this  cuticular  layer.  Beneath 
the  cuticle  ia  an  epidermis  consisting  of  &  single  layer  of  cells, 
usually  sac-like,  but  capable  of  being  altei-ed  as  a  result  of  con- 
traction or  compression  into  a  spindle-like  shape.  Below  the 
epidermis  is  a  layerof  connective- 
tissue,  the  dermis,  in  which,  as 
well  as  to  some  extent  in  the 
epidermis  itself,  are  a  number  of 
dei-mo.l  bodies.  Of  these  there 
are  three  kinds — Mcellular  glands, 
contained  in  papiliEe ;  muUieetlu- 
lav  glands,  scattered  through  the 
integument,  and  not  contained 
in  papillie ;  and  sense-papilla:, 
small  rounded  thickenings  of  the 
epidermis  in  the  anterior  region 
of  the  introvert,  with  their  sum- 
mits covered  with  cilia.  There 
""a^^'^Ttii^.^^^^'^jM  are  also  numerous  pigment  cells. 
"'"^'  Numerous  canals  branch  through 

the  dermis.  Beneath  this  are 
three  layers  of  muscle — (1)  an  outer  circular  layer,  continuous 
in  the  introvert,  but  divided  into  annular  bands  in  the  rest  of  the 
body;  (2)  an  oblique  layer,  well  developed  only  between  the 
origins  of  the  two  retractor  muscles  of  the  introvert ;  (3)  a  Imtgi- 
tudhuil  layer,  which  is  separated  by  spaces  into  a  series  of  parallel 
bands.  Between  the  bundles  of  the  longitudinal  layer  of  muscle 
runs  a  series  of  canals  which  communicate  with  the  body-cavity 
by  transverse  branches. 

There  is  a  spacious  coelotne,  but  it  is  traversed  in  all  directions 
by  filaments  and  strands  of  connective- tissue,  with  which  are  mixed 
very  fine  muscular  fibres ;  these  mostly  run  from  the  wall  of  the 
body  to  the  alimentary  canal.  Floating  in  the  ctelomic  fluid  are 
(1)  colourless  corpuscles;  (2)  reproductive  elements;  (3)  peculiar 
ciliated  bodies,  the  ui-ns,  which  may  be  parasitic  ciliate  Protozoa, 
but  whose  nature  is  obscure. 

The  blood-vaacular  syvtem  is  very  feebly  developed.  It 
consists  of  dorsal  and  ventral  longitudinal  sinuses  (i.e.  channels 
differing  from  true  vessels  in  wanting  an  internal  epithelium), 
communicating  in  front  with  a  circular  sinus  at  the  base  of  the 
tentacular  fold. 

The  alimentary  canal  (Fig.354)  is  a  cylindrical  tube  of  uniform 
character  throughout.  It  is  twice  the  length  of  the  body,  running 
back  from  the  mouth  towards  the  posterior  end,  and  then  bending 
sharply  round  to  run  forwards  to  the  anus,  the  two  limbs  being 
twisted  spirally  round  one  another.  Running  along  the  entire 
length  of  the  aiimentarj-  canal,  with  the  exception  of  the  terminal 
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part  or  rectum,  is  a  narrow  groove.  Twisted  round  the  ]>i)sterior 
part  is  a  long  narrow  cacum,  which 
opens  into  the  beginning  of  the 
rectum.  Two  groups  of  rectal 
glands  occur  clase  to  the  anal 
opening. 

The  nervout  aystem  (Fig.  355) 
differs  considerably  from  that  of 
the  rest  of  the  Annulatu.  There 
is  a  relatively  small  bilobed  cere- 
bral gnnglion  situated  on  the  dorsal 
aspect  just  behind  the  tentacular 
circlet,  to  which  it  gives  off  on 
each  side  several  pairs  of  nerves. 
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Anteriorly  and  duraally  it  gives  off  a  number  of  digitate  pro- 
cesses Ijing  in  the  cceloine.  The  asophageal  cmmcdives  (cimis.  <x) 
which  it  gives  off  behind  are  CTeatly  elongated ;  each  gives  off 
muscular  nerves  {n.  niu.  ret),  ana  also  a  viscrral  ner>'e  (n.  spl)  pass- 
ing to  the  alimentary  canal.  The  two  commissures  unite  benind 
to  form  a  ventrnl  coi'd,  which  extends  throughout  the  rest  of  the 
length  of  the  body.  The  ventral  cord  presents  no  appearance  of 
g;an^a :  it  sends  off  laterally  a  large  number  of  pairs  of  nerves 
(I.,  n,);  on  section  it  appears  distinctly  double.  Two  delicate 
muscular  bands  (Fig.  354  m.  «.  co.),  which  take  orgin  anteriorly 
from  the  body -wall,  become  attached  to  the  nerve-cord,  and  follow 
it  throughout  its  length,  giving  off  small  branch  bands  to  accom- 
pany the  lateral  nerves,  A  canal  with  folded  and  pigmented  walls, 
which  opens  in  the  middle  line  of  the  dorsal  surface  just  behind 
the  tentacular  fold  (Fig.  353  cer.  org.),  extends  backwards  to  the 
anterior  ventral  surface  of  the  cerebral  ganglion,  where  it  ends 
blindly.  It  is  possible  that  this,  the  eerehv.1  organ,  may  be  a 
8ensi>ry  organ  of  some  kind.  £i/es  are  entirely  absent.  The  digi- 
tate processes  of  the  cei-ebral  ganglion,  which  bear  a  number  of 
ciliated  cups  along  their  eflges  may  be  sensory  in  character. 

Sipunculus  has  only  a  single  pair  of  nephiidia  which  like  those 
of  the  niajoritv  of  the  Polyehffita  are  of  the  character  of  dipto- 
iiephridia.  These  (Fig.  354,  tieph.)  are  situated  tolerably  far 
forwards,  the  external  ojwnings  being  about  2  em.  in  front  of 
the  anus.  They  are  long,  nearly  straight  tubes,  of  a  brown  or 
yellowish  colour,  and  very  mobile  in  the  living  condition.  Near 
the  external  opening,  which  is  situated  at  the  anterior  end,  is  the 
internal  opening  into  the  ccelome.  The  sexes  are  separate.  There 
art^  no  definite  gonadi  except  at  a  certain  season  of  the  year, 
when  cellular  elevations  developed  in  the  connective  tissue  cover- 
ing the  ventral  retractor  muscles  of  the  introvert  represent  ovaries 
or  testes  as  the  case  may  be.  These  give  origin  to  cells  which 
become  detached  and  develop  into  the  fully-formed  sexual  elements 
while  floating  about  in  the  ccelomic  fluid.     The  segmental  organs 
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2.  Distinctive  Characters  axd  Classification. 

The  Gephyrea  are  Annulata  with  the  body  devoid  of  any  ap- 
pearance of  segmentation  in  the  adult  condition.  There  is  a  large 
cojlome,  which  is  not  divided  into  chambere  by  mesenteries  or 
septa.  A  blood-vascular  system  is  sometimes  present,  sometuues 
absent.  The  ventral  nerve-cord  is  not  composed  of  a  chain  of 
ganglia.  There  is  usually  only  one  i>air  of  nephridia.  The  sexes 
are  separate,  the  gonads  simple,  and  the  nephridia  act  as 
gonoducts. 
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The  lana  is  in  most  cases  a  typical  trochosphere,  and  may 
develop  a  metameric  segmentation  which  disappears  as  develop- 
ment proceeds. 

Order  1. — Inermia. 

Gephyrea  with  an  introvert,  and  usually  tentacles  or  a  tentacular 
fold.  The  anus  is  dorsal.  Setae  are  absent.  Nephridia  a  single 
pair,  or  absent  altogether. 

Order  2. — Armata. 

Gephyrea  with  an  elongated  prostomial  proboscis.  The  anus 
is  posterior.  Two  or  more  setae.  A  single  nephridium,  or  two 
or  three  pairs. 

Systematic  Position  of  the  Example, 

Sipunculus  nudus  is  one  of  several  species  of  the  genus  Sipttnculns. 
Sipunculus  differs  from  other  genera  of  the  family  Sipunculida\ 
of  which  it  is  a  member,  mainly  in  having  a  tentacular  fold  around 
the  mouth,  instead  of  a  series  of  distinct  tentacles.  The  family 
Sipuiiculida:  is  one  of  two  families  of  the  order  Inermia  and  diflfers 
from  the  other,  the  Priapulida^,  in  the  presence  of  either  tentacles 
or  a  tentacular  fold  at  the  oral,  and  the  absence  of  filiform  appen- 
dages at  the  aboral  end.  . 

3.  General  Organisation. 

The  Gephyrea  are  a  chiss  of  worms  whose  iK)sition  among  the 
Annulata  is  determined  more  from  a  consideration  of  their  develop- 
ment than  of  their  structure  in  the  adult  condition,  though  the 
latter  suggests  a  tolembly  close  affinity  with  the  Chaetopoda.  The 
body  of  a  Gephyrean  is  unsegmented,  usually  more  or  less  com- 
pletely cylindrical,  broadest  behind  and  narrowing  towards  the  an- 
terior end.  The  surface  is  covered  with  a  chitinous  cuticle  developed 
often  into  papilla?,  or  tubercles,  or  hooks.  In  the  Armata,  seta-  are 
present,  but  they  are  always  very  few  in  number  and  not  implanted 
m  parapodia;  in  Bondlin  there  is  only  a  single  pair,  situated  about 
the  middle  of  the  ventral  surface ;  in  most  species  of  Evhiuriu 
(Fig.  357),  in  addition  to  this  ventral  pair,  there  are  a  number 
arranged  in  one  or  two  circlets  around  the  jMjsterior  end.  In  the 
Ineniiia  the  anterior  ])art  of  the  body  is  cajMible  of  being  invagi- 
nated  within  the  i)art  behind ;  at  the  extreme  anterior  end  of  this 
imaginable  pirt  or  infroirrt,  when  it  is  evaginatcH.1,  is  the  mouth 
surrounded  by  a  circlet  of  sometimes  pinnate,  sometimes  simple, 
tentacles,  or  by  a  lobed  and  ])laited  ttntocuhtr  fnhl.  The  prostomium 
is  in  such  forms  (juite  nidimentary.  In  the  Armata  there  is  no 
introvert,  but  an  elongated,  highly  contractile,  simple  or  bifurcated 
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proboscu,  which  is  the  greatly  produced  prostomium ;  in  Bonellia 
{Fig,  356)  the  proboscis,  when  fully  extended,  is  five  or  six  times 
the  length  of  the  body :  in  Echiurus  (Fig.  357)  it  is  much  shorter : 
at  the  base  of  the  proboscis  on  the  ventral  side  is  the  ojjening  of 
the  mouth.  In  PjHapulvs  (Fig  358)  there  ia  at  the  posterior  end 
an  elongated  simple  or  bifurcated  caudal  appendage  covered  with 
hollow  papillsc.  The  anus  is  situated  at  the  posterior  end  of  the 
bwlv  ill  thu  Arniata ;  in  the  Inerraia  it  lies  far  forwards  on  the 


dorsal  surface,  except  in  the   case  of  Priapulus,  in  which  it  is 
terminal. 

Body-^rall. — Beneath  the  cuticle  is  an  cpirfermw,  which  is  com- 
posed of  a  single  layer  of  cells.  Among  the  cells  are  unicellular, 
rarely  multicellular,  glands,  and  sensory  cells.  Various  colouring 
matters,  such  as  the  bright  green  characteristic  of  Bonellia,  are 
contained  in  the  cells  of  the  epidermis.  The  muscular  wall  of  the 
body  consists  of  external  circular  and  internal  longitudinal  layers. 
sometimes  with  oblique  and  internal  cin-ular  layers  supemdded, 
There  is  an  extensive  undivided  coelome,  covered,  as  in  the  case  of 
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the  Chsetopoda,  with  a  ccelomic  epithelium,  which  is  sometimes 
ciliated. 

The  alimentary  canal  in  the  Inermia  consists  of  a  muscular 
pharynx,  intestine,  and  rectum ;  in  the  Sipunculidfv  (Fig,  354)  the 
intestine  is  bent  on  itself,  and  spirally  twisted  as  it  runs  forwards 
to  the  anal  opening,  which,  as  already  noted,  is  situated  far  forwards 
on  the  dorsal  surface:  at  the  Junction 
of  intestine  and  rectum  is  a  single  simple 
ctecum  or  a  pair ;  and  a  number  of  small 
branching  cseca  are  connected  with  the 
rectum  close  to  the  anal  opening.  Re- 
tractor muscles  pass  from  tne  body-wall 
to  the  pharynx.  In  the  Arrnata  (Figs. 
359  and  361)  there  is  a  thin-walled 
buccal  cavity,  an  elongated  and  coiled 
intestine,  opening  at  the  posterior  ex- 
tremity of  the  body  into  a  dilated  rec- 
tum :  in  most  there  is  an  elongated 
ar.cum  or  siphon  applied  to  the  ventral 
aspect  of  the  intestine  proper.  Into 
the  rectum  there  open  a  pair  of  remark- 
able cseca,  the  posterior  nephridia  (Figs. 
359  and  361,  jxw^  ncpk.),  supposed  to  dg 
excretory  in  function ;  these  open  into 
the  coelome  by  means  of  a  number  of 
ciliated  funnels  (Fig.  360). 

There  are  no  specialised  organt  or 
reiplratton  in  the  Gephyrea.  A  blood- 
▼ascnlar  ijitem  is  sometimes  present, 
.sometimes  absent.  When  present,  as  it 
is  in  most  GephjTea,  it  usually  com- 
prises a  contractile  dorsal  vessel  closely 
applied  to  the  intestine,  and  a  pcri- 
pnaryngeal  ring  or  plexus.  Cilia  arc 
present  in  places  in  the  interior  of  the 
vessels. 

The  nerroui  lyttem  (Figs.  355  and 
362)  consists  of  a  nene  ring,  sometimes 
greatly  elongated,  surrounding  the  an- 
terior part  of  the  alimentary  canal,  w" 
anterior  thickening  representing  a  t 
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letimes  a  dorsjil  and 
xnhriil  'janglion;  and  of  a 
e-cord,  devoid  of  ganglia,  running  backwards  from  this  along 
the  middle  of  the  ventral  surface,  and  giving  off  ]>airs  of  branches 
at  regular  intervals;  the  branches  of  the  sjime  jwiir  sumeltmes 
fonii  complete  rings  (Fig.  362.  nc  ri.)  by  uniting  Joi>ally.  Hyeu 
of  a  verj'  simple  character,  consisting  of  mere  spots  of  pigment, 
arc  present  in  some  of  the  Inermia 
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Priapulus  is  devoid  of  nephridla.  In  the  Armata  a  pair  of 
appendages  of  the  rectum  are,  ns  already  mentioned,  to  be  regarded 
as  poskrior  ncphri- 
dia.  Id  addition 
there  are  present 
anterior  itephridia. 
In  Bonellia  (Fig. 
359,ttni.)iepA.),and 
in  some  Inennia, 
there  is  only  one. 
In  the  majority  of 
cases  there  is  one 
pair,  while  in  vari- 
ous species  of  Tha- 
lasacma  there  are 
from  one  pair  to 
four.  They  art 
tubes  which  open 
externally  on  the 
ventral  surface.and 
internally  commu- 
nicate with  the 
coelome  by  means 
of  ciliated  aper- 
tures, the  form  and 
position  of  which 
varies  in  different 
cases.  They  act  as 
efferent  ducts  tor 
the  reproductive 
elements  (gonodncts) ;  but  their  function  as  excretory  organs 
has  not  been  de6nitely  established. 

,  The  sexes  are  usually  distinct,  and  the  reproductive  organs 
are  of  very  siuiple  character,  consisting 
merely  of  ridges  or  clumps  of  cells  {gtriuiih). 
sometimes  enclosed  in  a  membrane,  de- 
veloped at  various  points  on  the  body-wall, 
or  on  the  wall  of  one  of  the  main  blood- 
vessels. The  cells  of  these  ovaries  or 
testes  may  develop  in  silu  into  perfect  ova 
or  sperms ;  more  usually  they  become  de- 
tached, and  undergo  the  later  stages  of 
their  development  while  floating  in  the 
cojlomie  fluid. 

A  remarkable  instance  of  extreme 
xexual  dimorphism  occurs  in  Bonellia. 
The  mxlinary  large  individuals  (Fig.  35C), 
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to  various  |K)ints  in  the  structure  of  which  reference  has  been 
already  made,  are  females.  The  sinsle,  greatly  enlarged 
sephndium  contains  a  spacious  cavity,  which  has  been  termed 
the  utenis.  In  the  interior  of  this  is  found  the  very  small  male 
(Fig.  363).  This  is  not  unlike  a  Flanarian  in  appearance,  com- 
pressed and  covered  with  cilia,  with  a  pair  of  ventral  hook-like 
setse.  In  the  interior  of  the  body  bundles  of  dorso-ventral 
muscular  fibres  placed  at  regular  intervals  give  an  appearance 
of  rudimentary  segmentation.      The    alimentary   canal   is   rudi- 


mentary- and  completely  clu-^ed,  both  mouth  and  anus  being 
absent.  There  is  a  pair  of  nophridia  plipud  [Hwteriorly.  The 
sperms,  ilevelojied  from  ni'xlitieil  cu'loniic  colls,  reach  the  exterior 
through  a  duct,  dilated  uxteniidly  into  a  ve.-sicula  semiiialis,  and 
opening  internally  into  the  cutlonie  by  a  funnol-tihajied  ajterturo. 
In  Hainingia,  al.so,  theiv  are  iinpert'ectly  <levoIoiied  males  which 
are  lodged  in  the  ni'phridia  of  the  ft-nmle. 

DcTelopment.— The  lar\a  nf  Ei'liiurii.s  (Fig.  :jy4)  has  a  well- 
develoiH.ll  pnc-oml  or  prostouiiiil  li>ln'  with  a  prj»'-i>nd  and  post- 
oral  circlet  of  cilia,  and  in  other  risptrts  cl<)si'ly  ivsenibles  the 
trocho-iphere  embryo  of  a  t'liu'lopoii.     Thf  posterior  part  of  the 
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body  elongates,  and  the  mesoblast -bands,  developed  as  in  the 
Chfetopoda,  become  divided  into  as  many  a^  fifteen  segments.  A 
circlet  of  setse  is  developed  at  the  anal  end,  and  subsequently, 
the  two  ventral  sette  are  formed  in  the  same  manner  as  in 
the  Chtetopoda.  The  prse-oral  lobe  becomes  narrowed  to  form  the 
cylindrical  proboscis  of  the  adult ;  and  the  rudimentary  segmenta- 
tion gradually  disappears  as  development  advances. 

In  Bonellia  there  is  unequal  segmentation,  as  in  most  Chsetopoda, 
resulting  in  the  fonnation  of  four  large  megameres  and  eight  small 
niicromerea;  the  latter  multiply 
reprap  rapidly,  and  grow  over  the  mega- 

meres so  as  eventually  to  enclose 
the  latter  in  a  complete  layer  of 
ectoderm,  save  at  one  point, 
where  there  is  a  gap,  the  blasto- 
pore.    Here  the  ectoderm  bends 


inwards  to  give  rise  to  a  continuous  mesoderm  layer  super- 
ficial to  the  megameres.  The  blastopore  soon  closes  up.  The 
megameres  divide  to  form  the  cells  of  the  endoderm,  among 
which  a  lumen  only  appears  comparatively  late;  mouth  and 
stomodetum  are  developed  as  an  outgrowth,  at  first  solid,  from 
the  endoderm.  The  anus  becomes  formed  still  later  by  in- 
vagination at  the  hinder  end  of  the  body ;  and  a  pair  of  epidermal 
vesicles   which   appear  at   its  sides  form  the  rudiments  of  the 
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poMsterior  nephridia.  A  rudimentary  prae-oral  lobe  becomes  esta- 
olished.  The  mesoderm  remains  unsegmented,  but  splits  into 
somatic  and  splanchnic  layers  going  to  form  the  muscular  system, 
blood-vessels,  and  other  mesodermal  organs.  Before  the  alimentary 
canal  is  formed  the  larva,  which  had  previously  been  spherical 
with  two  bands  of  cilia  and  a  pair  of  eye-spots,  becomes  elongated 
and  dorso-ventrally  compressed ;  and  becomes  covered  uniformly 
with  cilia  so  as  to  present  the  general  appearance  of  a  Planarian. 
It  becomes  converted  into  the  adult  female  by  a  metamorphosis, 
including  the  elongation  of  the  prae-oral  lobe  to  form  the  proooscis, 
and  the  development  of  the  pair  of  setae  of  the  adult.  The 
male  never  goes  through  this  metamorphosis,  but  remains  in  the 
Planarian  stage :  it  at  first  adheres  to  the  proboscis  of  a  female, 
then  enters  the  oesophagus,  and  afterwards,  when  sexually  mature, 
enters  the  cavity  of  the  nephridium. 

In  the  Inermia  the  early  stages  of  the  development  closely 
resemble  those  of  the  embrj'o  of  one  of  the  Polychaeta,  and  a 
trochosphere  is  formed,  closly  resembling  the  corresponding  stage 
in  the  latter  class.  But  at  no  stage  in  the  development  has  any 
trace  been  observed  of  the  temporary  segmentation  which  forms  so 
marked  a  feature  in  the  development  of  Echiurus. 

Distribution,  Affinities,  etc. — The  Gephyrea  are  all  marine. 
They  are  only  capable  of  very  slow  creeping  locomotion,  and  live 
for  the  most  part  either  in  natural  rock-fissures,  or  in  burrows 
which  thev  excavate  for  themselves  either  in  sand  or  mud,  coral  or 
rock.  Their  distribution  is  general ;  and  they  occur  at  considerable 
depths  as  well  as  in  shallow  water. 

The  diflferences  between  the  Inermia  and  the  Armata  are  so 
considerable,  that  there  is  some  doubt  whether  they  ought  to  be 
united  together  in  one  class.  The  Inennia  diverge  most  widely 
from  the  Cha?topoda  in  the  entire  absence  of  sette  and  in  the 
absence  of  segmentation  at  any  stage. 

Affinities  between  Phoronis  (p.  328)  and  the  unarmed  Gephyrea 
have  often  been  supposed  to  exist,  and  it  has  by  some  zoologists  been 
proposed  to  regard  Phoronis  as  an  outlying  member  of  that  class. 
It  seems  probable,  however,  that  the  very  manifest  resemblances 
which  undoubtedly  exist  do  not  indicate  a  near  relationship,  but 
are  the  result  of  converging  modifications  of  originally  widely 
different  stocks.  The  most  striking  of  these  points  of  resemblance 
are  two — (l)the  approximation  of  the  anus  towanls  the  oral  aperture, 
and  (2)  the  presence  of  the  tentacular  circlet.  But  a  study  of  the 
development  shows  that  these  common  features  are  dt^velojxnl  in 
totally  different  waj's  in  the  two  crises.  The  forward  ix)sition  of 
the  anus  in  the  Sipunculida  is  brought  about  by  a  gradual  displace- 
ment resulting  from  the  growth  of  the  aboral  region  of  the  Wly ; 
and  the  invagmation  and  evagination  by  which  the  corresix)nding 
result  is  attained  in  Phoronis  do  not  occur.  Again,  while  in  Phoronis 
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the  tentock's  of  the  adult  may  be  looked  u])on  as  furnicd  by  the 
development  of  processes  along  the  line  occupied  by  the  post-oral 
circlet  of  cilia,  in  the  Sipunculida  the  tentacular  lobes  have 
nothing  to  do  with  the  post-oral  circlet,  but  are  fomted  hy  the 
growth  of  a  series  of  lobes  from  the  margin  of  the  mouth  itself. 
The  larva  of  the  Sipunculida  again  is,  as  already  pointed  out,  very 
nearly  related  to  the  larva  of  the  Chretopoda,  and  is  a  typical 
trochosphere ;  while  the  Actinotrocha  larva  of  Phoronia  diverges 
somewhat  widely  from  that  type. 


CLASS  III.- ARCHI- ANNELID  A. 

More  prindlive  in  tutoc  reepecta  than  tlic  btlier  Annul&ta   are   the  Aruhi- 
Anneliila,  comprieing  only  tlie  two  (amilieB  of  the  Polyyordiid-r  nntl  tlie  llvilno- 


drilida.  They  are  all  marine  anil  all  oF  bihbU  aise.  The  proBtomiiim  (Fig.  369, 
pr.  *()  in  iiniill,  tha  peristomium  (per.  at)  lftr({e.  The  segniente  {Aflinr)  are  Only 
faintly  inarliecl  olT  externally  for  the  moat  port,  though  the  internal  ilivision   uf 
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the  CfBlome  liy  ine^m  o(  aepta  is  complete.  Parapodia  and  setiE  are  absent, 
but  tlieproatomium  bears  a  pair  of  t^nt&clea  {I).  Seven]  pain  of  aimple  nephridia 
»re  pregent.  The  position  o£  the  neri'ouii  system  (Fig.  30")  it  more  primitive  than 
in  any  of  the  rest  of  the  AnnuUta,  with  the  exception  of  the  Ardii-Chtctopoda  : 
it  ia  cnntinuQUg  with  the  epidermis,  sn'l  not  separated  from  it  by  mesDdermal 
elements  a>  in  the  othen.  A  pair  of  ciliated  grooves  (c.  p.)  are  probably  to  be 
looked  upon  as  organs  of  special  sense. 

The  HiMtriodrUidee  are  >ninute  worms  which  live  as  parasites  on  the  lobster 
(J«(bcim),  feeding  on  its  eggs.  The  body  consists  of  only  abont  eight  narrow 
The  head  has  sensory  luberclea  and  two  short  processes  hai-ing  the 
function  of  limbs  :  a  similar  but  larger  pair  of 
limba  ncmira  on  the  lasC  segment  of  the  boily. 
The  atuncntary  canal  consists  of  leKiphagni,  in- 
testine, and  rectum ;  the  tesophagns  contains 
three  horny  jaws.  A  pair  of  ulooely  united  cere- 
bral ganglia  are  situated  in  the  prostominm,  and 
are  conneutod  behind  by  lEsopbageal  c 


ym-ca     citiEfitA^K 


■m.  3M.— ProtodillaB,  m- 


df  eiHloinlc  splUiatluDi ; 
ijiUucfanlc  lajrcr  uf  tho 
SpilMiK,  derio  cplUiiUuiii 
£)>l«ii.  anteric   epttbaltiu 


,    U.  i;  dunal  tohI  :    Bttt, 
n;    it.  n.  miHcla   pistea : 

Dant  cauUnuiiui  with  duic 
J   •ohI.     (Kium    l-ukar'a 


Hith  a  venti«l  cord,  which  b  dilated  into  a  ganglion  in  each  segment.  There 
■i«  four  pair*  of  shnple  segmental  organs  in  the  female,  five  in  the  niale. 
The  sexes  are  separate  ;  the  gonails,  wliether  ovaries  or  testes,  are  foniie.1  by  the 
germination  of  the  visceral  layer  of  the  peritoneum.  (Genital  ducU  are  preaciit 
in  both  sexes. 

The  family  PiJy^rdiida'  includes  two  genera— /"o/y;/""'""  and  i  miodnlw. 
There  are  a  pair  of  pmslomial  tentacles,  long  in  Protoilrilus,  short  in  Polygnr- 
dins.  The  segmentation  Is  only  verj"  indistinctly  marked  externally  in  Proto- 
drilui  J  in  Polygordius  it  U  indUlinct  in  front,  but  l«tlcr  marked  lichiud.  In 
PolifgordiHa  larleut  a  series  of  tooth-like  processes  occur  round  the  anus,  and  in 
front  a  circlet  of  adhiaivc  i>apilhv.     1"   Prolodrilus  there  is  a   ventral  ciliated 


gruove.     There  is  a  vaaonlftr  ByBtem  with  dorsal  and  ventral  longitadinal  veswUs. 
Id  each  segment  U  a  pair  of  simple  oephridia.     In  Prutodrilus  tliere  nro  two 


0,  dUgnunmi 

btl.  nuModerjOMl  birnds ;  JVi>Jh,  hHd-kidiiey 


Flo.  SW,— Later  utan  in  lh«  doTalapmcat  of  PolyEOrdtiui  neapoliiHiBB,  in 

rtBrtor  mrt  M  tbo  trooluwphBM  hiu  bocooio  elongiitod  uid  ««gnien(«i ;  J.bi .. , 
.Brtical  necttnn ;  C,  tnnmm  Kctlon  bIoiih  the  piano  al.tn  B;  D'—l)'.  Ihmo  itnua  In  tic 
dBTolupmml  of  the  <oiiuilli:  nuuodenn :  Cixl.  unlonie ;  ml.  E^h,,^  codoiiilf  ppithBlTiini !  Dtr. 
BaCliM.  derlo  sDlthEUiun  ;  M.pl.  mUKls  Dlnte  ;  MkI.  (mi-A  MmmtiD  niimodonn  ;  Mud.  (ijil), 
m  la  pncwUng  Bguro.    (Fram 


:i»  fri. 
neapoUtuina,  in  which  the 


vker'fl  Biotep]/.  putly  nf  tor  Fntlpout. 


veutrai  nerve-conie,  connected  together  hy  transverie  eommisBurei :  in  Polygor- 
diiia  the  cord  (Fig,  367,   I'.  Xi:  frf)  is  aingle  ;  in  neither  genus  is  there  any  trace 


X  PHYLUM  ANNULATA  465 

of  ganglia.  The  sexes  are  united  in  Protodrilus,  ovaries  occurring  in  all  the  first 
«even  segments,  and  testes  in  some  of  those  immediately  following.  In  Poly- 
gordius  the  sexes  are  separate  ;  the  ovaries  or  testes  (Fig.  367,  9py)  are  developed 
in  the  posterior  segments.     There  are  no  special  reproductive  ducts. 

The  larva  of  Polygordius  is  a  typical  trochosphere  (Fig.  368),  and  its  meta- 
morphosis into  the  adult  worm  (Fig.  369)  takes  places  as  in  the  Polych»ta  in  all 
essential  respects. 

/ 

CLASS  IV.— HIRUDINEA. 

1.  Example  of  the  Class — The  Medicinal  Leech  {Hirudo  mcdici- 

nalis  and  S.  quinquedriatd). 

The  medicinal  Leech  is  found  in  ponds,  swamps,  and  slowly 
flowing  streams  in  many  parts  of  the  world.  H,  medidnalis  is  the 
common  British  species :  H,  guinquestriaia  is  an  allied  Australian 
form. 

IfZtemal  Characters. — It  is  a  vermiform  animal,  some 
6-10  cm.  (2-3  inches)  in  length,  but  is  capable  of  contracting  and 
elongating  itself  so  as  to  produce  great  alterations  in  form  and 
proportion.  It  moves  by  "looping"  movements,  and  is  also  a 
good  swimmer.  The  body  (Fig.  370)  is  depressed  or  flattened  dorso- 
ventrally,  the  dorsal  surface  convex,  the  ventral  flattened.  The 
anterior  end  presents  a  ventrally  directed  cup-like  hollow,  the 
arUerioi'  sucker  {a,  s.),  in  the  middle  of  which  is  a  small  aperture, 
the  mouth  {mth).  The  hinder  end  bears  a  disc-like  posterior  sucker 
(p. «.),  also  directed  downwards,  and  at  its  junction  with  the  trunk, 
on  the  dorsal  sur&ce,  is  the  very  small  median  anus  (a.).  The 
animal  is  brightly  coloured,  the  dorsal  surface  in  If.  7ticdicinalis 
being  longitudinally  banded  with  alternate  stripes  of  greenish  grey 
and  rusty  red,  the  ventral  surface  greenish  yellow,  spotted  with 
black:  in  ff.  qidnquestriata  the  whole  under-surface  is  rust- 
coioured. 

The  whole   body  is  encircled   by  close-set  transverse  grooves, 
dividing  it  into  annvXi,   These,  like  the  annuli  of  some  Earthworms, 
are  more  numerous  than  the  true  segments  or  metameres,  the 
study  of  the  internal  organs  showing  that,  except  at  the  two  extre- 
mities, each  segment  contains  five  annuli.     There  are  also  external 
characters  by  which  the  actual  segmentation  is  plainly  indicated. 
The  rust-coloured  streaks  on  the  back  oiH,  medidnalis  are  spotted 
with  black,  and  at  every  fifth  annulus  the  spots  are  larger  than  on 
the  intervening  rings :  the  annuli  thus  marked  are  the  fifth  or  last 
of  their  respective  segments.     Moreover,  the  same  rings  bear  on 
the  ventral  surface  mmute  paired  apertures,  the  Tiejphridiopores  or 
excretory  apertures  (n.j3. 1-17):  of  these   there  are  altogether 
seventeen  pairs,  marking  the  fifth  rings  of  the  sixth  to  the  twenty- 
second  segments. 
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Fio.  870.— HlrodomedielnaUUi.  A,  dorsal ;  B,  ventral  aspect ;  a.  anus ;  a. «.  anterior  sucker ; 
t,  1.  first  ubAx  of  eyes  ;  t.  6.  fifth  pair  \a.p.  6.  male  gonopore  \  g.  p.  $ .  female  gonopore ; 
nUh,  moutn  \  n,p.l.  first  pair  of  ne^iridiopores ;  n.  p.  17.  seventeenth  pair ;  p.  ».  posterior 
sucker ; ».  p.  sensory  papills ;  I— XaVI.  segments.    (Partly  after  \^liitman.) 
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In  front  of  the  first  and  behind  the  last  pair  of  nephridiopores 
one  important  external  mark  of  segmentation  fails,  but  a  further 
indication  is  furnished  by  the  presence  on  the  first  ring  of  each 
undoubted  metamere  of  a  number  of  delicate  transparent  elevations, 
the  segmental  papillcD  (s.p,\  which  have  probably  a  sensory  func- 
tion. These  structures  are  found  along  the  whole  length  of  the 
body,  and  as  they  mark  the  first  ring  of  all  those  segments  the 
extent  of  which  can  be  checked  by  the  nephridiopores,  it  is  legiti- 
mate to  assume  their  segmental  value  in  the  anterior  and  posterior 
regions,  where  the  controlling  excretory  apertures  are  absent.  By 
the  clue  thus  furnished  it  is  found  that  there  are  five  segments  in 
front  of  that  bearing  the  first  pair  of  nephridiopores,  and  four 
behind  that  bearing  the  last  pair,  making  a  total  of  twenty-six 
metameres :  of  these  the  first  six  and  the  last  four  have  less  than 
the  normal  number  of  rings. 

The  anterior  sucker  bears  on  its  dorsal  surface  five  pairs  of  small 
black  spots,  the  eyes  (e.  1,  e.  5),  the  arrangement  of  which  shows 
them  to  be  special  modifications  of  sensory  papillae,  since  they 
occupy  in  the  first  five  segments  the  precise  position  occupied  in 
the  sixth  and  following  segments  by  segmental  papillae. 

The  perfectly  definite  and  comparatively  small  number  of 
metameres  in  the  leech  offers  a  striking  point  of  contrast  with 
what  we  have  met  with  in  the  Chaetopoda,  and  is  to  be  looked 
upon  as  a  mark  of  higher  differentiation. 

Body-wall. — The  body  is  covered  externally  by  a  thin  cuticle 
(Fig.  371,  cu.),  which  is  constantly  being  cast  off  in  patches  and 
renewed.  Beneath  it  is  an  epidermis  (d.  ep.)  consisting  of  hammer- 
shaped  cells,  separated  at  their  inner  ends  by  spaces  in  which 
blood  capillaries  run.  The  blood  is  thus  brought  into  close  relation 
with  the  surrounding  water,  and  the  skin  becomes  a  highly  effi- 
cient respiratory  organ.  The  space  between  the  epidermis  and 
the  enteric  canal  is  filled  by  a  peculiar  form  of  connective-tissue, 
consisting  of  a  gelatinous  matrix  with  interspersed  cells  and  fibres. 
Many  of  the  cells  are  large,  branched,  and  abundantly  pigmented, 
and  have  their  branches  directly  connected  with  the  smaller  blood- 
vessels. Surrounding  the  enteric  canal  is  the  peculiar  and  charac- 
teristic botryoidal  tissue  {h.  t.)  consisting  of  branched  blood-vessels, 
the  walls  of  which  are  formed  of  large  cells  loaded  with  black 
pigment. 

Numerous  unicellular  glands  are  produced  from  the  epidermis  : 
the  gland-cells  themselves  lie  in  the  connective-tissue,  and  are  con- 
tinued into  long  ducts  which  open  on  the  surface.  Special  glands 
in  the  ninth,  tenth,  and  eleventh  segments  secrete  the  substance 
from  which  the  cocoon  is  formed  (i^idc  infra,  p.  474):  the  segments 
in  question  therefore  constitute  the  clitcllnm. 

The  muscular  fsrstem  is  well  developed,  and  consists  of  an 
outer  layer  of  circular  (c.  m.)  and  an  inner  of  longitudinal  (/.  ?n.) 
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fibres.  There  are  also  dorso-ventral  fibres  (tf.  v.  m.)  passing  vertically  I 
between  the  pouches  of  the  crop  (ii'/fe  infra),  and  radial  fibres  ex- 


FiQ.  S71.— Hlrndo  medlolnalla     Ttbiu  toe  i 
IDivclfiB    e    crop  dlvartLuulA  of  crop    trtu  ci  ti 

eL  r.nt  A  nti  vvutraJ  musclos  I  tti  longltudlDftl 
qorii;  "/.ft  I— t  nepbrldlum  m  i  r"*- — • — '-' 
VH  dalimiu  ,  IM,  letieie  oT  tinphrldll 

tending  from  the  wall  of  the  enteric  canal  to  the  integument: 

theae  take  the  place  of  the  septa  of  Chtetopods, 

The  aitmentarr  organs  are  greatly  modified  in  accordance 

with  the  blood-sucking  habits  of  the  animal.  Surrounding  the 
mouth  are  three  jaws,  one  median  and 
doi-sal  (Fig.  374.  d.  j.),  the  other  two 
ventro-lateral  {v.  l.j.).  Each  (Fig.  372) 
has  the  form  of  a  compressed  muscular 
cn.shion,  with  a  sharp,  evenly  curved,  free 
edge  covered  with  chitin,  which  is  pro- 
duced into  numerous  serrations  or  teeth : 
by  means  of  its  muscles  each  jaw  can 
be  moved  backwards  and  forwards  through 
a  certain  arc,  and  the  three,  acting  to- 
gether, produce  the  characteristic  tnradi- 
ate  bite  in  the  skin  of  the  animal  upon 
which  the  Leech  preys. 

The    mouth    leads    into   a    muscular 

jw  ]»w.  <it      phirt/nx  (Figs.  373  and  374,  ph)  situated 

(AftarLeuS!?'*     "'"       i"  the  fourtii  to  the   seventh   segments. 
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Radiating  muscles  pass 
from  its  walls  to  the 
integument,  and  by 
their  contraction  dilate 
its  cavity  and  suck 
in  blood  from  the 
wounds  made  by  the 
jaws.  Around  the 
phaiynx  are  numer- 
ous unicellular  sn/imry 
glands,  which  open 
close  to  the  mouth  : 
their  secretion  has  the 
effect  «(  iiivvftitinj; 
the  coagulation  uf  the- 
blood  taken  as  fnoii. 

The  pharj-nx  com- 
municates by  a  very 
small  ii],.TtiirL'  with 
the  second  and  largOHt 
division  of  the  enteric 
canal,  the  hugi-  </■"/' 
(w.),  a  tbin-wallL^d 
tube  extending  from 
the  eighth  to  the 
eighteenth  segment, 
and  produced  into 
eleven  pairs  of  lateral 
pouches  {cT.  l,cr.  11), 
the  first  ten  of  which 
are  directed  outwards 
and  correspond  each 
to  a  segment,  while 
the  eleventh  (ci:  11) 
passes  directly  back- 
wards as  far  as  the 
twenty  -  fourth  seg- 
ment. The  crop  is 
capable  of  great  dila- 
tation, and  its  form 
varies  greatly  accord- 
ing to  whether  it  is 
empty  or  gorged  with 
blood.  PoHteriitrly  the 
crop  communicates  by 
a  minute  aperture  with 
the     stowach    (st.),    a 
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tubular  chamber  with  a  filiated  an- 
terior end,  and  having  its  wall  pro- 
duced internally  into  a  spiral  fold: 
this  is  the  digestive  portion  of  the 
canal ;  the  blood  is  passed  into  it 
from  the  crop  with  extri;nie  slow- 
ness, and  undergoes  an  immediate 
change,  its  colour  turning  fi-om  red 
to  green.  The  digestion  of  a  whole 
cropful  of  blood  takes  many  months. 
The  stomach  is  eontinutni  into  a 
narrow  intestine-  (int.):  this  passes 
into  a  somewhat  dilated  rectum  {ret.) 
which  turns  slightly  upwards  and 
opens  by  the  anus  (on.)  in  the  last 
annul  us. 

The  excretory  lyBtem  consists 
of  seventeen  pairs  of  ftimephridia 
(nph.  1-17),  situated  in  segments 
6-22.  A  tjiiical  nephiidiunt  (Fig. 
375)  has  the  general  form  of  a  loop 
passing  upwards  from  the  ventnu 
body-wall,  produced  into  an  offshoot 
which  extends  invmrds  (mesially)  to 
the  corresponding  testis,  and  con- 
nected posteriorly  with  a  small  blad- 
der or  vesicle  (vs.).  The  principal  loop 
is  divisible  into  two  chief  parts,  the 
jiuiin  lobe  (m.  I.)  and  the  apical  lobe 
{a.  /.),  connectwl  with  one  another 
by  a  short  reeuvrent  lobe  {r.  I.) :  the 
offshoot  to  the  testis  is  known  as 
the  testis-lobe  (t.  I.) ;  it  is  absent  in 
ff.  quiiiqtieUi'iata 

All  these  parts  are  formed  of  a 
close-set  mass  of  gland-cells,  tra- 
versed by  a  complex  system  of 
minute  intra-cellular  passages  or 
(/udulcs,  which  finally  unite  into  a 
comparatively  mde  inter-cellular 
tube  or  dud:  this  winds  through 
the  main  and  apicallobes,  and  finally 
enters  the  vesicle,  which  opens  pos- 
teriorly in  the  last  amiulus  of  the 
segment.  The  free  end  of  the  testis- 
lobe  is  swollen  into  a  lobed  mass 
which   lies   in   a  blood    sinus    (Fig. 
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371,  nti')  in  connection  with  the  testis:  comparisoD  with  other 
Hirudinea  shows  that  this  dilated  end  of  the  nepbridiuni  re- 
presents a  nephrostome  which  has  lost  its  open  funnel-Uke  end 
in  correlation  with  the  absence  of  a  distinct  cceloine.  The  cells 
of  the  boti^'oidal  tissue  appear  to  carrj-  waste  matter  to  the 
ae^iidia. 

There  is  a  complex  Taacnlar  system,  containing.  Itke  that  of 
the  Earthworm,  i^  blood,  the  plasma  coloured  i^ith  haemoglobin 
and  containing  sparsely  distributed  colourless  corpuscles.  But  a 
striking  difference  from  the  preceding  aimulate  t^'pes  is  found  in 


the  fiict  that  the  blood-containing  spaces  are  of  two  kinds — bloc</- 
veaieh  proper,  having  muscular  walls:  and  bltx ilsiniisis.  the  n'nlls 
of  which  are  devoid  of  niiiscle. 

The  two  principal  blood-vessels  an-  laton\l  in  piwition  (Figs. 
373  and  37C,  /.  r.),  running  fore  and  aft  at  the  level  of  the  middle 
of  the  nephridia  and  uniting  with  one  another  at  the  anterior  and 
posterior  ends  of  the  bixiv.  They  send  off  branches  both  dortiallv 
and  ventrally,  some  of  which  anastonios*-  with  one  another.  The 
ultimate  branches  break  up  into  capillaries  in  the  integument, 
nephridia,  i:c. 

The  two  pnnci|>al  sinuses  arc  n's|K'Ctively  dorsal  (li.  s.)  and 
ventral  (c.  ».),  the  fonner  lying  just  above  the  enteric  canal  in  the 
middle  dorsal  line,  the  latter  occupying  a  similar  position  on  the 
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ventral  side,  and  enclosing  the  ventral  nerve-cord.  The  two  sinuses 
are  in  connection  with  one  another  posteriorly,  and  are  also  in  com- 
munication, by  means  of  their  branches,  with  the  capillaries  of  the 
skin.  There  is  thus  an  indirect  connection,  by  means  of  capil- 
laries, between  the  blood-vessels  and  the  sinuses,  but  no  direct 
coramnmcation  esistB.  The  sinuses  in  which  the  nephrostomes 
are  lodged  open  into  the  ventral  sinus.  As  we  shall  see  more  par- 
ticidarly  in  the  general  account  of  the  class,  the  sinuses  represent 
a.  greitly  reduced  coelome. 

The  QerrouR  cystein  is  of  the  usual  annulate  tj-pe.  There  is 
a  small  brain  (Figs.  373  and  374,  hr.)  situated  above  the  anterior 
end  of  the  pharjTix  immediately  behind  the  median  dorsal  jaw. 


/**^ 
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It  is  connected  by  a  very  short  pair  of  oesophageal  connective!- 
with  the  ventral  nerve-cord,  which  consists  of  twenty-three  well- 
marked  rounded  ganglia  (jk.  1-23)  united  by  delicate  double 
connectives.  The  first,  or  sub-cesophageal  ganglion  is  larger 
than  the  others,  and  is  shown  by  development  to  be  made  np  of 
five  united  pairs  of  embryonic  ganglia :  the  last  ganglion  is  also  of 
unusual  size,  and  results  from  the  hision  of  six  pairs  of  ganglia 
distinct  in  the  embryo.  The  whole  ventral  nerve-cord  is  contained 
in  the  ventral  sinus.  Nerves  are  given  off  from  the  gaTiglia,  but 
not,  as  in  the  Earthwona,  from  the  connectives,  in  which  also, 
nerve-cells  are  wholly  absent. 

The  principal  xense-organs  aro  the  ej/es,  of  which  there  are  five 
pairs  (Fig.  377)  situated  njund  the  margin  of  the  anterior  sucker, 
on  the  dorsal  side,  one  pair  in  each  of  the  first  five  segments. 
They  occupy  positions  taken  in  the  succeeding  segments  by  lateral 
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sense-orgaDs,  with   which  they  are  obviously  homologous.     The 

structure  of  the  eyes  is  peculiar:  they  are  cylindrical  in  form 

(Fig.  377),  the  lone  axis  of  the  cylinder  being  at  right  angles  to 

the  sur&ce  of  the  oody.     The  outer 

layer  is  formed  of  black  pigmented 

tissue  (pi.),  surrounding  a  layer  of 

large,    clear,   refractive    cells    {p.), 

which  occupy  the  greater  part  of  the 

oivan.     A  nerve  (n.)  enters  at  one 

side,  and  is  continued  up  the  axis  of 

the  cylinder  by  a  row  of  sensory  cells. 

The  margin  of  the  anterior  sucker 
also  bears  a  large  number  of  goblet- 
nhaped  organs,  which  are  vorj-  prob- 
ably organs  of  taste.  The  mmute 
structure  both  of  these  and  of  the 
segmental  sense-organs  is  very  simi- 
lar to  that  of  the  eyes.  The  function 
of  the  segmental  sense-organs  is  un- 
known. 

Reproducttve  Organs.  —  The 
Leech  is  monoecious.  There  are  nine 
pairs  of  testes  (Figs.  373  and  374,  ts.), 
in  the  form  of  small  spherical  sacs, 
situated  in  segments  12-20.  Each 
gives   off  from  its  outer  surface  a 

narrow  ejfer«Ti^  rfitrf,  which  opens  into  /'•  rrfmctivB  ceii*:  ,1-.  pipumt. 

a  common  Tfls  rfc/VrCTM  (v.  (/.).    In  the  ^J^"™  *^*'  f"!™""'"  ■*«'■ 

tenth  segment  the  vas  deferens  in- 
creases in  width  and  fonus  a  complex  coil,  the  vesiaila  seminalia 
{v.  sem.),  from  which  is  continued  anteriorly  a  somewhat  dilated 
muscular  tube,  the  ductus  ejaculatorius  ((/.  cj.).  From  each  t^acula- 
torydiict  a  narrow  tube  passes  to  the  base  of  the ;«?m(f).). a  curved 
eversible  muscular  organ  which  opens  on  the  ventral  siirfiice 
of  the  second  annulus  of  the  tenth  segment,  in  the  middle  lino. 
The  base  of  the  penis  is  surrounded  by  a  number  of  unicellular 
glands,  which  constitute  the  prostate  tav\  socrcto  a  subsUince  by 
which  the  sperms  are  aggregated  into  nia.K.'ies  calli-d  spermftt'ifihons. 

The  orarirs  aru  coile<l  filamentous  bodivs,  each  enclost.'d  in  a 
small  globular  M'«ci(»i»(r(('r.  s.),  situati'd  in  the  eleventh  sejrment. 
From  each  ovarian  sac  a  short  orUhiel  passt-s  inward.-;  and  l«ick- 
wards,  and  unites  with  its  fellow  into  a  median  duct,  the  walls  of 
which  are  suinilietl  with  albumen-secreting  gland-cells.  The 
common  oviduct  owm*  into  a  curvwl  muscular  tulx',  the  vogiau  (iti.), 
which  ofH^'US  in  tne  mi<Ulle  line  on  the  ventral  surface  of  the 
second  annuhis  of  the  eleventh  st-gment.  i.e.  one  segment  behind 
the  male  ajMjrture. 
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It  wilt  be  noticed  that  tlm  ovarit-M  ol'  tho  Loi^oh  fomi  a  singic 
pair,  while  the  testes  are  multiple  and  segmental :  also  that,  while 
the  gonads  and  efferent  ducts  of  both  sexes  are  paired,  the  penis 
an<l  the  va^na  ai-e  median  anil  uniJairwl,  In  the  latter  respect 
the  contrast  between  the  Leech  and  the  Anniilala  previously  dis- 
cussed is  very  striking.  Further  important  poculiarities  are  the 
enclosure  of  the  ovary  in  a  sac  from  which  a  duct  leads  directly  to 
the  exterior,  and  the  fact  that  the  testes  are  hollow  sacs  discharg- 
ing the  sperms  into  a  cavity  from  which  they  pass  directly  to  the 
efferent  aucis.  In  Chietopuds,  it  will  be  remembered,  the  gonoda 
lie  freely  in  the  ccelome,  their  products — ova  or  sperms— are  dis- 
charged from  their  external  surfaces  and  carried  off  either  by 
ordinary  nephridia  or  by  nephridia  specially  modified  into  gono- 
ducts.  It  seems  tolerably  certain  that  the  cavities  both  of  the 
ovarian  sacs  and  of  the  testes  represent  shut-off  portions  of  an 
almost  obsolete  ctelome,  and  that  their  ducts  are  nieso-nephridia. 
Development. — When  breeding  two  Leeches  copulate,  and  one 
impregnates  the  other  by  passing  spermatophores  through  its 
penis  into  the  vagina.  Simult^uieous 
mutual  impregnation  has  also  been 
described.  The  clitellar  segments 
(ninth  to  eleventh)  secrete  a  cocoon 
(Fig.  378).  into  which  spermatophores, 
ova,  and  a  quantity  of  albumen,  se- 
creted by  the  albn men-glands,  are 
passed.  The  animal  then  withdraws 
its  head  from  the  cocoon,  the  two  ends 
'  of  which  close  up  by  their  own  elas- 

ticity, producing  a  closed  capsule  in 
which  embryonic  development  takes  place.  Segmentation  is 
unequal,  and  results  in  the  formation  of  a  globular  embryo,  which, 
after  hatching,  swims  about  in  the  cocoon,  actively  devouring 
its  albuminous  contents,  and  finally  escaping  in  a  ibnn  closely 
resembling  the  adult. 


2.  Distinctive  Characters  and  Classification. 

The  Hirudinea  are  Annulata  in  which  the  body  consists  of  a 
limited  and  definite  number  of  segments,  and  is  marked  externally 
by  secondary  rings  or  annuli,  a  variable  number  of  which  go  to 
a  segment.  The  anterior  end  of  the  body  is  suctoiial,  and  several 
of  the  hindmost  segments  are  fused  to  form  a  powerful  sucking 
disc,  which  is  directed  downwards  and  backwards.  The  mouth 
lies  in  the  anterior  sucker,  the  anus  is  usually  dorsal  and  innne- 
diatcly  in  front  of  the  posterior  sucker.  The  coelome  is  always 
more  or  less  obliterated  by  connective-tissue,  and  is  represented 
by  sinuses  of  varying  dimensions   which   contain   blood.     True 
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blood-vessels,  with  muscular  walls,  are  also  present.  The  nervous 
system  consists  of  a  brain  united  by  short  oesophageal  connectives 
to  a  ganglionated  ventral  nerve-cord.  The  excretory  organs  are 
segmentally  arranged  nephridia.  The  sexes  are  united,  the 
testes  numerous  and  usually  segmentally  arranged,  the  ovaries 
a  single  pair.  The  testes  have  the  form  of  sacs,  and  discharge 
their  products  internally  ;  the  ovaries  either  have  a  similar  struc- 
ture or  are  band-like  and  enclosed  in  ovarian  sacs  into  which  the 
ova  are  set  free.  The  penis  and  the  vagina  are  unpaired,  and  open 
by  median  apertures,  the  male  anterior  to  the  female,  on  the 
ventral  surface  of  the  body.  Development  is  usually  direct,  i.e. 
unaccompanied  by  a  metamorphosis.  Leeches  are  either  free- 
living  or  are  permanently  or  intermittently  parasitic  :  they  inhabit 
either  the  land,  fresh-water,  or  the  sea. 

The  class  is  divided  into  the  following  two  orders  : — 

Order  1. — Rhynchobdellida. 

Hirudinea  in  which  the  anterior  part  of  the  body  can  be  pro- 
truded and  retracted  so  as  to  form  a  proboscis  or  introvert. 


2.Clepsine 


3.Bronch«llion 


l.Ponrobdello 


Fio.  879.~Thrco  BhTncbObdelllda.    br.  gills ;  pr.  everted  probosci«.  (1,  after  Botime,  2  and  8, 

after  CuvierJ 
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This  order  includes  Clepsine,  parasitic  on  Snails,  Frogs,  &c. ; 
IHscicola,  on  fresh-water  Fishes  ;  Fontobdella  and  Branchellion,  on 
marine  Fishes  (Fig.  379). 

Order  2. — Gnathobdellida. 

Hirudinea  in  which  there  is  no  proboscis :  the  mouth  is  usually 
provided  with  three  toothed  jaws. 

This  order  includes  Hirudo,  the  common  Leech,  parasitic  on  Ver- 
tebrata ;  Aulostoma,  the  Horse-leech,  free-living  and  carnivorous ; 
Trocheta,  of  subterranean  habits ;  HcsTnadipsa,  the  Land-Leech. 

Systematic  Position  of  the  Example, 

Hirudo  belongs  to  the  family  Hirudinidm,  of  the  order  Gnatho- 
bdellida. 

The  absence  of  a  proboscis  places  it  in  the  order  Gnathobdellida : 
the  possession  of  ten  eyes,  and  the  presence  of  five  rings  to  all  the 
segments  except  a  few  at  the  anterior  and  posterior  ends,  dis- 
tinguishes it  as  a  member  of  the  family  Hirudinidae :  the  genus 
Hirudo  is  distinguished  by  the  constant  presence  of  twenty-six 
segments  and  of  102  annuli. 

3.  General  Organisation. 

Li  the  essential  features  of  their  organisation  the  Leeches  are  a 
very  uniform  group :  there  are,  however,  a  few  interesting  modifi- 
cations of  structure  which  must  be  referred  to. 

Form  and  Size. — Most  kinds  do  not  exceed  a  few  centimetres 
in  length,  but  the  American  species  Macrobdella  valdiviaim  is  said 
to  attain  a  length  of  7G  cm.  (2^}  feet).  The  number  of  annuli  to 
a  segment  varies  from  three  to  five,  but  the  general  form  of  the 
body  is  remarkably  uniform,  the  external  differences  between 
various  species  depending  largely  on  colour  and  on  the  develop- 
ment of  papillae,  which  in  some  cases  are  large  and  prominent. 

The  proboscis  (Fig.  380),  the  possession  of  which  is  distinctive 
of  the  Rhynchobdellida,  is  simply  the  retractile  anterior  end  of  the 
body,  which,  by  the  action  of  special  muscles,  can  be  drawn  back 
into  a  temporary  sheath.  The  organ  is  thus  an  introvert,  like  that 
of  Gephyrea  Inermia. 

The  chief  differences  in  the  structure  of  the  enteric  canal 
depend  upon  the  varying  number,  or,  in  some  cases,  the  total 
absence,  of  lateral  pouches  to  the  crop ;  for  instance,  the  horse- 
leech has  only  a  single  pair,  corresponding  to  the  eleventh  pair  in 
Hirudo,  while  Nephelis  has  none  at  all.  In  the  Rhynchobdellida 
there  is  a  distinct  slender  gullet  (Fig.  380,  gul)  leading  from  the 
pharynx  to  the  crop  (c7\),  and  thrown  into  a  coil  when  the  pro- 
boscis is  retracted.     Among  the  Gnathobdellida  the  median  jaw 
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is  absent  in  some  land-leeches,  and  in  other  species  all  three  jaws 
are  rudimentary  or  absent. 

The  varying  development  of  the  blood-Teiaelfl  and  sinoiM 
presents  many  points  of  interest  tending  to  explain  the  condition 
of  things  descnbed  above  in  the  medicinal  leech.  In  the  latter, 
as  we  have  seen,  there  are  lateral  vessels  with  contractile  muscular 
walls,  and  dorsal  and  ventral  sinuses  with  non-contractile  walls. 
In  PorUobddla,  one  of  the  Rhynchobdellida,  there  are  dorsal 
(Fig,  381,  2,  d.v.)  and  ventral  {v.v.)  as  well  as  lateral  vessels,  and 
lateral  {/.«.)  as  well  a^  dorsal  and  ventral  sinuses,  and  in  each  case 
the  vessel  is  enclosed  in  the  corresponding  sinus.  The  ventral 
einus  (v-B.)  also  con- 
tains the  nerve-cord 
(n.c.)  and  the  ovaries 
{w.),  and  offshoots 
of  it  surround  the 
testes  (to.)  and  the 
nephrostomes  init.). 
This  arrangement 
clearly  suggests  the 
partial  obliteration, 
by  growths  of  con- 
nective tissue,  of  an 
originally  continu- 
ous coelome.  Another 
interesting  condi- 
tion occurs  in  Ne- 
phelis  {3),  in  which 
the  middle  region 
of  the  body  contains 
a  series  of  paired, 
metamerically  ar- 
ranged spaces  (&), 
surrounded    by   bo- 

tryoidal  tissue,  and  containing  the  nephrostomes.  Development 
seems  to  show  that  these  cavities  are  derived  from  true  ccelomic 
spaces  in  the  embryo,  formed,  as  in  Chfetopoda,  by  a  splitting  of 
the  mesodenn  in  each  segment. 

In  most  instances  the  skin,  with  its  abundant  supply  of  capil- 
laries, constitutes  the  only  respiratory  oi^an,  but  in  Brancfultian 
(Fig.  379,  3)  a  Rhynchobdellid  parasitic  on  the  Electric  Rays 
{Tvrpedo  and  Hypnos)  and  on  one  of  the  Australasian  Skates  {Baja 
nasuta),  differentiated  respiratory  organs  or  gills  (br.)  are  present 
in  the  form  of  delicate  lateral  outgrowths  of  the  segments. 

In  most  members  of  the  class  the  nephiidla  are  formed  on 
the  same  general  t^^pe  as  those  of  Hinido,  but  differ  in  the 
structure  of  the  nephrostomes,  which  umy  be  ordinary'  ciliated 


Fio.  5S0.— ProboKii  of  Olapaln*.  j 
fT.  aup;  ffvt.  ^Uot;  birA.  mou 
■aUtatj  glAndA.    (AiUr  Buume.) 
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funnels,  or  may  be  more  or  less  degenerate,  as  in  Hinido.     In  the 
Rhynchobdellirt  Pontobdella  a  very  interesting  moditication  of  the 
nephridial  system  occurs.     Instead  of  distinct  nephridia,  there  is 
found  on  the  ventral 
^  J  surface  of  the  body  a 

very  complex  network 
(Fig.  382,  npA.),  which 
sends  off  on  each  side 
of  each  segment  a 
short  branch  termin- 
ating in  a  nephro- 
stome  (iisi.),  and  a 
similar  branch  which 
opens  externally  {np.). 
'Hi  is  arrangement  re- 
minds us  of  the  ex- 
cretory systeni  of  cer- 
tain Earthwonits  and 
of  Turbellaria. 

The  nerrouB  lyi- 
tem  always  closely 
resembles  that  of 
Hiviidii,  as  also  do  the 
lenae-or^anB.  The 
niiiiiliiT  of  eyes  is  sub- 
ject to  considerabk- 
variation :  they  may 
be  developed  on  the 
posterior  sucker,  or 
may  be  absent  alto- 
gether. 

Reproductive 
Organs. — The  testes 
usually  have  the  seg- 
mental arrangement 
foimd  in  Hirudo,  their 
number  varying  from 
five  to  twelve  pairs. 
But  in  Nephelis  they 
are  very  numerous, 
and  are  not  arranged 
segmentally.  In  the 
RnjTichobdellida  the 
muscular  penis  is  absent,  its  place  being  taken  by  an  eversible 
sac  or  bursa  copulatrir.  The  form  of  the  ovary  with  its 
containing  sac  in  Hirndo  is  exceptional.  As  a  nile,  there  is 
an   elongtited    hollow   ovarj',  producing   ova   from    its   epithelial 
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lining,  and    thus   agreeing  very   closely   in   structure   with   the 
testis. 

In  Clepsine,  a  fresh-water  Rhynchobdellid,  copulation  in  the 
ordinary  sense  of  the  word  has 
never  been  observed,  but  one  indi- 
vidual has  been  seen  to  deposit  one 
or  more  spemiatophores  on  any  part 
of  the  body  of  another — often  on 
the  back.  The  spermatophore,  which 
is  nearly  3^  mm.  long,  apparently 
exerts  a  solvent  action  on  the  skin, 
since,  after  a  short  interval,  the 
spennatic  fluid  streams  through  the 
skin  into  the  ctelomic  spaces,  prob- 
ably making  its  way  at  last  to  the 
ovaries.  This  extraordinaiy  process 
of  hypodermic  impregnation  prob- 
ably takes  place  in  other  genera, 
but  has  been  most  closely  followed 
in  Clepsine, 

It  is  in  Clepsine  that  the  early  stages  of  development  are 
best  known.  Segmentation  is  unequal,  the  embryo  consisting,  in 
the  eight-ceiled  stage  (Fig.  383,  A),  of  four  large  ventrally  placed 
megameres  {mg.)  and  four  dorsal  micromeres  (mi.).  One  of  the 
megameres,   posterior  in   position,   divides   into   two   cells    (B) ; 


no.  S82.— Ksphridlal  iTitem  ol 

tobdalla.      gH.  Si.  go.  17,  giuiglU 

noA,  oophrldLal  network  ;  luf.  Da- 
pnroetoiue.    (After  BoumB-) 


Fio,  SB3.— Six  Binges 


one  of  these  divides  again,  and  its  products  of  division  give  rise 
to  paired  gcrminnl  bands  (C,  g.b.),  like  those  of  the  Earthworm. 
The  micromeres  increase  in  number,  forming  a  cap  of  cells,  the 
commencement  of  the  ectoderm,  on  the  dorsal  pole  of  the  embryo, 
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and  at  ?the  same  time  the  germinal  bands  grow  forwards  (D), 
diverging  as  they  go,  and  take  up  a  position  beneath  the 
margin  of  the  ectoderm-cap:  as  the  latter  extends  its  area 
they  converge  anteriorly,  and  thus  furnish  it  with  a  thickened 
margin,  the  bands  themselves  being  in  contact  in  front  and 
behind,  and  divergent  in  the  intervening  region,  so  as  to 
enclose  a  nearly  circular  space.  The  ectoderm-cap,  accompanied 
by  the  germinal  bands,  now  grows  over  the  megameres,  finally 
enclosing  them  completely  by  uniting  on  the  ventral  surface. 
This  process  is  obviously  one  of  epibolic  gastrulation. 
■  The  ectoderm  of  the  embryo  gives  rise,  as  usual,  to  the  epidermis 
of  the  adult  as  well  as  to  the  stomodaeum  (E,  F,  mth.)  and  procto- 
daeum.  From  the  germinal  bands  are  formed  the  ventral  nerve-cord 
and  the  nephridia.  The  endoderm  arises  from  small  cells  budded  off 
from  the  megameres,  which  gradually  grow  round  what  is  left  of 
the  latter.  The  remains  of  the  megameres  thus  become  enclosed 
in  the  enteron  of  the  embryo  ana  undergo  gradual  absorption, 
serving  simply  as  food,  and  not  giving  rise  to  any  part  of  the 
tissues.  The  cocoon  contains  no  albumen,  and  the  yolk  of  the 
megameres  supplies  the  whole  of  the  nutriment  required  by  the 
embryo  up  to  the  time  it  leaves  the  cocoon.  The  young  is 
hatched  at  a  comparatively  advanced  state  of  development,  and, 
after  escaping  from  the  cocoon,  adheres  by  its  suckers  to  the  body 
of  the  parent. 

In  the  Gnathobdellida  the  young  are  hatched  at  an  early  stage 
of  development,  and  their  megameres  contain  but  little  yolk : 
they  are  nourished  up  to  the  time  of  leaving  the  cocoon  on  the 
albumen  with  which  the  latter  is  filled.  One  member  of  this 
order,  Nephelis,  is  remarkable  for  undergoing  a  metamorphosis : 
the  anterior  end  of  the  embryo  is  ciliated,  and  it  possesses  a 
provisional  pharynx  and  several  pairs  of  provisional  nephridia. 
Paired  masses  of  cells,  the  head-germs^  are  developed  in  the  head, 
and  from  these  and  the  germinal  bands  the  whole  body  of  the 
adult  is  produced,  the  greater  part  of  the  larval  body  being  cast 
oflF.  This  process  closely  resembles  the  development  of  the 
Pilidium  lar\'a  of  certain  Nemerteans  (p.  273). 

Habits,  Distribution,  dec. — The  majority  of  the  Hirudinea 
are  inhabitants  of  fresh-water  and  live,  like  the  Medicinal  Leech, 
by  sucking  the  blood  of  higher  animals — Vertebrates  or  Molluscs. 
It  is  doubtless  in  correlation  with  this  intermittent  parasitism — the 
xjhance  of  finding  a  vertebrate  host  being  an  infrequent  one — that 
the  crop  has  attained  such  vast  dimensions,  holding,  in  the  case  of 
the  medicinal  leech,  as  much  blood  as  takes  it  a  year  to  digest. 
The  allied  species  Hii'vdo  sanguisuga  has  been  found  in  the 
nasal  passages  of  man,  producing  serious  results,  and  being,  to  all 
intents  and  purposes,  an  internal  parasite.  The  same  is  tne  case 
with  the  horse-leech,  Hcemopsis  vorax,  taken  in,  when  young,  by 
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horses  and  cattle  while  drinking.  It  attaches  itself  to  the  pharynx, 
and  may  even  descend  the  trachea.  Others  are  permanent  ecto- 
parasites :  for  instance,  Branchellion  is  found  on  the  outer  surface 
of  the  Skate,  Electric  Ray,  and  other  Fishes,  entire  fiimilies  of  the 
leech,  including  individuals  of  all  sizes,  being  sometimes  found 
crowded  together  on  a  small  area  of  skin,  which  is  distinctly 
marked  by  their  powerful  posterior  suckers.  Other  fish-parasites 
are  Pontobdella,  on  Rays,  and  Piscicola,  on  fresh- water  Fish. 
Aulostomay  to  which,  as  well  as  to  Haemopsis,  the  name  Horse- 
leech is  applied,  is  carnivorous,  feeding  on  snails  and  other 
Mollusca  ;  so  also  are  Clepsine,  Nephelis,  and  the  gigantic  Macro- 
bdella.  The  last-named  genus  and  some  others  are  of  subter- 
ranean habits,  living  in  moist  earth.  The  Land-leeches  (Hcemadipsa) 
live  in  the  forests  of  many  parts  of  the  world,  and  in  spite  oif 
their  small  size,  which  does  not  exceed  30  mm.  in  length  and 
5  mm.  in  diameter,  are  much  dreaded  for  the  persistent  attacks 
they  make  on  men  and  cattle. 

Many  genera  are  very  widely  distributed :  for  instance,  the 
Land-leecnes  (Haemadipsa)  occur  in  India,  Ceylon,  the  East  Indies, 
Japan,  Australia,  and  South  America,  a  distribution  which  seems 
to  indicate  that  the  group  is  one  of  great  antiquity.  Hitherto  no 
member  of  the  class  has  been  found  in  New  Zealand,  with  the 
exception  of  the  marine  Branchellion. 


GENERAL  REMARKS  ON  THE  ANNULATA. 

A  special  feature  of  the  Annulata,  as  distinguished  from  the 
phyla  previously  dealt  with,  is  metameric  segmentation.  In  some 
of  the  Platyhelminthes,  as  we  have  seen,  there  obtains  a  con- 
dition to  which  the  term  pseudo-metamerism  is  applied.  In  such 
cases  there  is  a  serial  repetition  of  certain  of  the  organs — gonads, 
diverticula  of  the  intestine,  nerve-commissures,  &c. — in  such  a  way 
as  to  produce  a  jointed  appearance,  though  the  body  is  not 
divided  into  definite  segments.  An  appearance  resembling  seg- 
mentation is  produced  also  in  certain  Rhabdocceles  that  multiply 
by  budding,  chains  of  zooids  remaining  connected  together 
for  a  time.  In  the  strobila  of  the  Cestodes  we  recognise  a  con- 
dition which  might  be  described  as  combining  pseudo-metamerism 
with  the  formation  of  a  chain  of  zooids.  The  condition  of  true 
metamerism,  as  we  observe  it  in  the  Annulata,  is  captiblo  of  being 
deduced  from  a  condition  of  pseudo-metamerism  as  it  occurs  in 
Gunda  (p.  241),  the  pseudo-metameres  becoming  converted  into 
true  metameres  by  the  development  of  inter-segmental  constric- 
tions and  the  completion  of  internal  partitions.  On  the  other 
hand,  it  is  deducible  from  the  condition  of  a  linear  rolony  of 
zooids   proliferating  at   the    posterior   end,   the    zooids,   though 
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becoming  each  complete  in  itself,  not,  under  ordinary  circum- 
stances, becoming  detached.  The  establishment  of  a  closer 
connection  between  the  various  organs  of  such  a  colony  with  the 
special  differentiation  of  the  anterior  end  would  result  in  a  con- 
dition closely  resembling  the  metamerism  of  the  Annulata.  It  is 
conceivable  that  a  condition  of  pseudo-metamerism  was  followed 
by  that  of  a  linear  series,  not  of  zooids,  but  of  comparatively 
independent  parts  capable  of  readily  reproducing  the  animal 
when  detached  by  accidental  injury,  and  that  a  secondary  closer 
connection  established  between  the  organs  of  all  the  aeries  of  parts 
resulted  in  the  metameric  condition. 

Metamerism  is  not  universal  in  the  phylum.     In  some  (Archi- 
Annelida)it  maybe  saiil  to  be  incipient  nrnidimentary ;  in  others 
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(Gephyrea)  vanishing  or  vestigial.  The  Archi-Annelida  are  in  this, 
as  in  some  other  respects,  the  most  primitive  of  the  Annulata.  and 
through  them  it  seems  possible  to  connect  the  higher  members  of 
the  phylum  with  such  lower  forms  as  Dinophiius  (p.  310).  The 
general  occurrence  of  the  trochoSphere  larva  may  be  taken  as 
pointing  to  descent  from  an  unsegraented  ancestor  having  re- 
semblances to  the  trochosphere,  and  a  form  like  Dinophiius  would 
afford  us  an  intermediate  link  between  such  a  hj-pothetical  ances- 
tor and  Polygordius  or  Protodrilus. 

The  position  of  the  unarmed  Gephyrea  in  the  Annulata  is,  as 
already  noticed,  a  matter  of  doubt ;  if  we  dissociate  them  from 
the  Annata  there  is  little  to  connect  them  positively  with  the 
other  members  of  the  phylum.  But,  on  the  whole,  perhaps  the 
evidence  in  favour  of  regarding  them  as  allied  to  the  Armata, 
and  through  them  with  the  Cha;topoda,  is  sufficiently  strong. 
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In  adult  structure,  particularly  in  the  absence  of  parapodia  and 
seta?  and  of  a  coelome,  the  Hirudinea  diverge  somewhat  widely 
from  the  Chaetopoda ;  but  a  study  of  their  earlier  developmental 
stages  shows  unmistakably  their  close  connection  with  the  latter 
group,  more  particularly  with  the  Oligochaeta. 

The  following  diagram  will  serve  to  illustrate  this  view  of  the 
relationships  of  the  various  groups  referred  to : — 
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SECTION  XI 

PHYLUM  ARTHROPODA 

In  this  large  and  important  CToup  of  animals  we  meet  with 
a  characteristic  feature  of  the  Chaetopoda,  viz.  metameric  seg- 
mentation, as  also  with  more  or  less  perfect  bilateral  symmetry, 
mouth  and  anus  at  opposite  ends  of  the  elongated  body,  and  a 
nervous  system  formed  of  a  dorsal  brain,  and  a  double  ventral 
chain  of  ganglia.  There  is,  however,  an  important  advance  on  the 
segmented  Worms  in  the  circumstance  that  each  typical  segment 
bears  a  pair  of  appendages,  distinguished  from  the  simple  foot- 
stumps  or  parapoaia  of  the  Polychaeta  in  being  divisible  into 
distinct  limb-segments  or  podomcrcSy  separated  from  one  another  by 
movable  joints  and  acted  upon  by  special  muscles.  Arthropods 
are  also  characterised  by  the  almost  universal  absence  of  cilia,  by 
their  muscles  being  nearly  always  of  the  striped  kind,  by  their 
sperms  being  usually  non-motile,  and  by  the  body-cavity  being 
largely  represented  by  spaces,  the  blood-sinuses,  in  free  communica- 
tion with  the  circulatory  system. 

The  following  are  the  most  important  subdivisions  of  the 
phylum. 

Class  1.  Crustacea,  including  Crayfishes, Crabs,  Shrimps,  Wood- 
lice,  Barnacles,  Water-fleas,  &c. 

Class  2.  Onychophora,  including  only  a  single  genus,  the 
curious  caterpillar-like  Peripatus, 

Class  3.  Myriapoda,  including  the  Centipedes  and  Millipedes. 

Class  4.  Insecta,  including  the  true  or  six-legged  Insects,  such 
as  Cockroaches,  Locusts,  Flies,  Beetles,  Butterflies,  and  Bees. 

Class  5.  Arachnida,  including  Spiders,  Scorpions,  Mites,  &c. 

CLASS    I.— CBUSTACEA. 

1.  Examples  of  the  Class. 
a,  Apus  or  Lepidurus, 

Apus  and  Lepidurus  are  two  closely  allied  Crustaceans  found  in 
the  fresh-waters  of  most  parts  of  the  world,  but  curiously  local  in 
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They  are  so  much  alike 
description  will  apply  to  any 


distribution  and  by  no 

that,  save  in  minor  details,  the 

species  of  either  genus. 

External  Character!.— The  animal  (Fig.  386)  is  &om  20  to 
30  mm.  in  length,  and  has  the  anterior  two-thirds  of  the  dorsal  sur&ce 
covered  by  a  thin  chitinous  shell  or  carapace,  beyond  the  posterior 
edge  of  which  the  hinder  part  of  the  body  {aM.)  projects  as  a 
nearly  cylindrical  structure  distinctly  divided  into  segments.  The 
last  or  annl  gegment 
bears  a  pair  of  long 
processes,  the  cwudat 
styles  (a.  f.)  between 
which,  in  Lepidurus,  is 
a  flat  scale-like  post- 
anal plate  (Fig.  387). 
On  the  dorsal  sur&ce  of 
the  carapace,  near  its 
anterior  border,  are  the 
paired  eyes  {E),  closely 
approximated  in  front, 
diverging  posteriorly. 
Immediately  in  front 
of  them  is  a  small 
black  jnediun  eye  (e.), 
and  between  their  di- 
verging posterior  ends 
is  a  semi-transparent 
oval  area,  the  dt/rsal 
organ  (rf.  o.).  Passing 
transversely  across  the 
carapace,  a  short  dis- 
tance behind  the  dor- 
sal organ,  is  a  shallow 
furrow,  the  co-vicalfold, 
immediately  posterior 
to  which  a  pair  of 
coiled  tubes  {sk.  gl.)  are 

seen,  one  on  each  side  of  the  carapace :  these  are  the  shell-glands 
or  excretory  organs. 

The  carapace  is  attached  only  as  far  back  as  the  cervical  fold  : 
behind  that  level  it  is  free,  and.  when  lifted  up  or  cut  away 
(Fig.  387),  shows  thegreaterpart  of  the  body  of  the  animal,  divided 
into  segments  like  the  postenor  portion.  From  tho  cervical  groove 
backwards  about  twenty-eight  or  thirty  segments  can  be  counted  : 
the  region  in  front  of  the  cervical  groove  shows  no  sign  of  segmen- 
tation, and  is  distinguished  as  the  head.  The  segments  have  the 
form  of  chitinous  rings,  often  produced  into  small  spines:  each 
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ring  slightly  overlaps  its  snccessor,  and  is  connected  with  it  by  a 
oaiTow  area,  the  articular  vumbrant,  the  chitinisation  of  which  is 
less  pronounced  than  that  of  the  rings  themselves.  By  this 
arrangement  the  segments  are  freely  movable  upon  one  another 
in  all  directions,  the  articular  membranes  acting  as  joints. 
The  last  or  anal  segment  is  pierced  by  the  tenuinal  ohhs 
(Fig.  390,  an.\ 

The  ventral  surface  of  the  head  is  formed  bv  a  flattened  suh- 
/ronlal  plaU  ( Fig.  388,  t./.jil.),  con- 
tinuous marginally  with  the  cara- 
pace. The  posterior  edge  of  this 
plate  is  convex  backwards,  and  is 
produced  in  the  middle  line  into  a 
shield-shaped  process,  the  labntm 
or  upper  lip  {Ibr.),  which  over- 
hangs the  mouth.  From  the  sub- 
frontal  plate  also  arise,  on  each 
side,  two  delicate  processes,  the 
innermost  called  the  anirnnule 
(aiU.  1),  the  outermost  the  an- 
tenna {ant. 2):  these  are  the  first 
two  pairs  of  appendages.  The 
third  pair  consists  of  two  strong 
toothed  bodies  of  a  deep  brown 
colour,  placed  one  on  each  side  of 
the  mouth,  and  called  the  Hi«n- 
dibtfa  (tnd.).  The  remaining  ap- 
pendages form  two  rows  of  deli- 
cate leaf-like  processes.  attache<l 
to  the  segmented  portion  of  the 
body, and  overlapping  one  another 
from  before  Imckwards:  their 
number  varies  from  forty  to  nearly 
seventy  {(A./.,  tibd.f). 

Append^ei. — The  antennuk 
(Fig.  389,  /)  consists  of  a  bent 
rod  bearing  delicate  chitinous 
bristles  or  s(l<v  at  its  tip,  and  presenting,  at  the  bend,  a  j.>int, 
due  to  the  presence  of  an  articular  membrane.  The  appendage 
is  thus  made  up  of  two  j^odoineres  or  limb-segments,  movnbly 
articulated  together.     Its  function  is  probably  tactile. 

The  antenna  (?)  is  absent  in  some  species  both  of  Apus  and 
Lepidurus :  in  A.  eaTicn/ormia  it  is  a  very  delicate  hook-shaped 
unjointed  structure,  probably  functionless.  As  wo  shall  see  from 
the  study  of  development,  it  is  a  vestigial  orgitn. 

The  mandible  (S)  is  also  an  unjointeil  appendage.  It  has  the 
form  of  a  deeply  concavo-convex  plate,  strongly  chitinised,  and  pro- 
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its  inner  or  mesial  border;  two,  called  exiies  {hr,,fi,\  from  its  outer 
or  lateral  border.  The  proximal  endite  {en.  i)  is  small,  and  bears 
strong  spines:  in  conjunction  with  its  fellow  of  the  opposite  side 
it  is  used  to  seize  food-particles  and  pass  them  on  to  the  mouth  :  it 
is  therefore  conveniently  distinguished  as  the  gnathobase.  The 
distal  endite  is  rudimentary  (en.  6) :  the  remaining  four  {en.  2-6) 
are  long  jointed  filaments.  The  proximal  exite  is  nearly  trian- 
^lar,  and  is  called  the  ^flabellum  (Jt.);  the  distal  exite  is  oval,  and 
IS  known  as  the  bract  {br,);  both  probably  serve  a  respiratoiy 
function. 

The  seventh  appendage  (7)  has  only  two  podomeres  in  the  axis, 
and  the  endites  are  comparatively  short  and  flat.  The  next  eight, 
i.e.  those  borne  on  the  third  to  the  sixteenth  free  segments,  closely 
resemble  one  another  :  each  {8)  has  an  unjointed  axis  and  short  leaf- 
like endites,  the  whole  appendage  having  a  distinctly  foliaceous 
character.  The  sixteenth  appendage — that  of  the  eleventh  free 
segment — resembles  its  predecessors  in  the  male,  but  in  the 
female  (9)  is  peculiarly  modified.  The  distal  portion  of  the  axis 
fonns  a  hemispherical  cup,  over  which  the  flabellum  {Jl.)  fits 
like  a  lid :  in  this  way  a  capsule  or  brood-pouch  is  produced, 
which  serves  for  the  reception  of  the  eggs,  and  the  appendage 
is  distinguished  as  the  oostegopod  or  brood-foot.  The  brood-feet 
and  the  adjacent  genital  apertures  allow  of  a  very  convenient 
division  of  the  body :  all  that  region  from  the  first  free  or  post- 
cephalic  segment  to  that  bearing  the  oostegopods,  both  inclu- 
sive, is  called  the  thorax,  and  its  appendages  the  thoracic  feet :  it 
consists  of  eleven  metameres.  The  remaining  segments,  from  the 
twelfth  to  the  last  inclusive,  constitute  the  abdomen^  and  their 
appendages  are  called  the  abdominal  feet. 

The  abdominal  resemble  the  thoracic  feet  in  general  characters, 
having  the  same  foliaceous  form  {10),  with  unjointed  axis,  small 
leaf-like  endites,  and  large  flabellum  and  bract.  They  gradually 
diminish  in  size  fnjm  before  backwards,  and,  from  the  third  abdo- 
minal segment  onwards,  two  or  more  pairs  of  appendages  spring 
from  each  segment,  so  that  while  the  total  number  of  abdominal 
segments,  in  A.  cancriformis,  is  twenty- two,  and  the  five  hinder- 
most  of  these  are  without  appendages,  there  are  altogether  fifty- 
two  pairs  of  abdominal  feet.  It  seems  probable  that  segments 
bearing  more  than  one  pair  of  appendages  represent  two  or  more 
fused,  or,  perhaps  one  should  rather  say,  imperfectly  diflferentiated, 
metameres. 

Body-wall. — The  whole  body  is,  as  already  mentioned,  covered 
by  a  layer  of  chitin  of  varying  thickness,  which  constitutes  an 
cxoskclcton  or  external  supporting  structure.  Immediately  under- 
lying it  is  the  deric  epithelium  or  epidermis,  from  which  the  chitin 
is  secreted  layer  by  layer.  Thus  the  exoskeleton  of  Apus  is 
a  continuous  cuticular  structure,  exhibiting  segmentation  in  virtue 
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longer  a  continuous  muscular  tube,  but  paired  dorsal  (djn,) 
and  ventral  bands,  which  pass  respectively  above  and  below  the 
origins  of  the  limbs:  the  dorsal  bands  arise  in  front  from  the 
head-region,  the  ventral  from  a  strong  fibrous  plate,  the  cephalic 
apodeme  {cap,),  lying  just  behind  the  gullet. 

Each  appendage  is  moved  as  a  whole  by  muscles  passing  into  it 
from  the  trunk :  its  various  parts  are  acted  upon  by  delicate 
muscular  slips  running  to  the  various  podomeres  of  the  axis  and 
to  the  endites,  thus  rendering  them  separately  movable.  The  only 
example  we  have  yet  met  with  of  appendages  moved  by  definite 
muscular  bands  is  that  of  the  curious  rotifer  Pedalion  (p.  307).  The 
muscles  are  all  striped,  a  character  which  applies  to  the  Arthropoda 
generally,  with  the  exception  of  the  Onychophora. 

Digestive  Organs. — The  mojtth  (Fig.  390,  mth,)  is  situated  on 
the  ventral  surface  of  the  head,  and  is  bounded  in  front  by  the 
labrum  (lhr,\  on  each  side  by  the  mandibles,  and  behind  by  the 
paragnatha.  The  food  appears  to  be  pushed  forwards  towards 
the  mouth  by  the  toothed  bases  of  the  thoracic  feet,  and  is 
subdivided  by  the  mandibles,  which  work  laterally.  The  maxillae 
are  probably  functionless,  or  nearly  so. 

The  mouth  leads  into  a  narrow  g\dlet  {g^il.\  which  passes 
upwards  and  forwards  into  the  head  and  enters  a  wide 
stoinnch  (8t.\  from  which  a  straight  intestine  {int.)  is  continued 
back  to  the  terminal  anus  {an.).  From  each  side  of  the 
stomach  is  given  oflf  a  wide  tube  {(Lgl.)  which  branches  exten- 
sively, its  ramifications  finally  ending  in  delicate  caeca.  The 
larger  branches  of  these  digestive  glands  contain  food  in  process  of 
digestion  :  their  ultimate  caeca  secrete  a  digestive  juice  :  the  walls 
of  the  stomach  itself  are  non-glandular.  The  walls  of  the  enteric 
canal  consist  of  an  inner  layer  of  epithelium  and  an  outer  layer  of 
connective-tissue  and  muscle.  In  the  gullet  and  in  the  posterior 
end  of  the  intestine  the  epithelium  secretes  a  thin  cuticle,  which 
thus  comes  to  form  the  actual  lining  of  the  cavity.  It  is  shown 
by  development  that  the  portion  of  the  canal  devoid  of  a  chitinous 
lining  is  formed  from  the  archenteron  of  the  embryo :  the  gullet  is 
developed  from  the  stomodseum,  the  posterior  end  of  the  intestine 
from  the  proctoda?um. 

The  body-cavity  is  divided  into  several  parts  by  membninous 
partitions  (Fig.  391) :  there  is  a  large  median  cavity  in  which  the 
enteric  canal  (i)  lies,  called  the  intestinal  simis :  on  each  side  of  this 
are  lateral  si7iuses  containing  the  muscles :  and  in  the  dorsal  region  is 
a  median  cavity,  the  pericardial  sinus.  All  these  spaces  are 
devoid  of  an  epithelial  lining,  and  contain  blood  :  there  is  reason 
for  thinking  that  they  do  not  correspond  with  the  coelome  of  the 
higher  worms  but  this  subject  will  be  more  conveniently  discussed 
hereafter  (p.  547). 

The  central  organ  of  the  circulatory  system  is  the  heart  (Fig. 


390  kt,  and  Fig.  391,  A),  a  narrow  tube  contained  in  the  pericardial 
sinus.  It  is  pierced  laterally  by  -several  pairs  of  apertures  or  osim, 
provided  witn  valves  opening  inwards,  and  is  continued  in  front 
into  a  narrow  tube,  the  cephalic  artery  (c.  art.),  which  extends  into 
the  head  and  gives  off  near  its  origin  a  pair  of  arteries  to  the  shell- 
glands.  When  the  heart  contracts,  the  blood  is  driven  through 
these  arteries  to  the  head  and  carapace :  it  then  travels  backwards 
in  the  intestinal  sinus,  passes  to  the  limbs,  and  is  returned  to  the 
pericardial  sinus,  finally  re-entering  the  heart,  during  its  diastole, 
through  the  ostia.  The  plasma  of  the  blood  is  coloured  red  by 
haemoglobin,  and  contains  amoeboid  corpuscles. 

As  alreadv  mentioned,  the  function  of  reiplration  is  discharged 
by  the  flabella  and  bracts  of  the  feet,  which  are  abundantly  sup- 


plied with  blood,  and  the  movements  of  which  ensure  a  constant 
renewal  of  the  water  in  their  neighbourhood.  The  renal  organ 
or  shdl-gland  (Fig,  392)  consists  of  a  coiled  uHnai-y  tube  {uc.) 
lying  between  the  two  layers  of  the  carapace  and  lined  by  gland- 
cells.  At  one  end  the  tube  is  connected  with  an  end-sac  (ts.), 
also  lined  with  glandular  epithelium  ;  at  the  other  it  dilates  into 
a  small  bladder  (b.)  which  opens  on  the  second  maxilla  (m.). 

The  nervoiu  ■yitem  (Fig.  393)  is  constructed  on  the  annulate 
type.  There  is  a  squarish  hrain  (br.)  situated  in  the  dorsal  region 
of  the  head,  beneath  the  eyes.  From  it  a  jtair  of  esophageal 
coniifctivcs  j)a33  backwards  and  doivnwards  to  join  the  veiUral  ncn-c- 
cord,  which  consists  of  a  double  chain  of  ganglia  (jrc.  1-4)  united 
by  longitudinal  connectives  and  transverse  commissures  so  as  to 
have    a   ladder-like  appearance.     The   fii-st   jMiir   of  ganglia   lies 
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immediately  behind  the  mouth,  and  sends  off  visceral  lui-ves  which 
join  to  form  a  ring  round  the  gullet,  swollen  in  front  into  a  small 
visceral  ganglion  {v.  gn.).  Passing  backwards,  the  nerve-chain 
diminishes  in  size,  and  comes  to  an  end  at  about  the  level  of  the 
last  pair  of  abdominal  feet  (Fig.  390). 

The  origin  of  the  nerves  given  off  from  the  central  nervous 
system  presents  many  points  of  interest.  From  the  fourth  ganglion 
of  the  ventral  cord  bacltwards  each  pair  of  appendages  has  its  own 
pair  of  ganglia,  the  metameric  correspondence  between  the  limbs 
and  the  nervous  system  being  complete.  The  mandibles  and  the 
first  maxilise    also  receive  nerves,  each  from  their  own  pair  of 


gariglia,  their  serial  homology  with  the  more  tjpical  appendages 
being  thus  confirmed.  But  the  ^^econd  niaxillie  receive  their 
nerves  (v>n.  2)  from  the  connectives  between  the  third  anri  fourth 
ganglia  r  the  ganglion  belonging  to  their  segment  may  be  assumed 
to  have  atrophietl.  The  antenna  is  supplied  by  a  nerve  {ani.  2) 
which  springs  from  the  (esophageal  connective,  but  which  can  be 
traced  backwards  to  the  first  ganglion  of  the  ventral  chain:  this 
fact  may  be  taken  as  an  indication  that  the  antenna-  are  seriallj- 
homologous  with  the  jaws  and  feet,  that  they  are  in  fact  meta- 
meric or  past-oral  appendages  which  have  shifted  forwards,  one 
on  each  side  of  the  mouth,  thus  becoming  pni'-oral.  The  nerve  of 
the  antennule  (ant.  1)  also  springs  from  the  (esophageal  connec- 
tive, but  is  traceable  forwartls  to  the  brain,  where  it  is  connected 


with  a  special  group  of  uerve-ceils,  This  has  b(;en  explained  by 
supposing  that  the  antennule  is  a  post-oral  appendage  the  ganglion 
of  which  has  moved  forwards,  along  thf  CEsophageai  connective, 
and  fused  with  the  brain — a  process  which  actually  takes  place 
with  the  ganglia  of  the  antenniE 
in  the  higher  Crastacea.  But  it 
is  also  possible  to  consider  the 
aiitennules  as  pr^-oral  append- 
ages, belonging,  like  the  pro- 
stoinial  tentacles  of  Chstopods,  to 
the  prostoinial  region,  and  there- 
fore receiving  their  nerves  from 
the  brain  or  prostomial  ganglion. 
The  median  and  paired  eyes  are 
iilfio  supplied  by  nerves  from  the 
brain. 

Organs  of  Sense. — ^The  seta^ 
which  oecur  on  so  many  parts  of 
the  body,  and  especially  as  fringes 
to  the  limbs,  are  to  be  considered 
as  organs  of  touch :  the  only  other 
organs  of  special  sense  are  the 
eyes.  The  paired  fj/fs  are,  as  we 
have  seen,  situated  on  the  dorsal 
surfece  of  the  head,  just  over 
the  brain:  they  are  covered  by 
transparent  cuticle  forming  the 
cornea,  beneath  which  is  a  narrow 
space  or  wata-sac,  communicating 
with  the  exterior  by  a  pore,  and 
therefore  filled  with  water.  The 
eye  itself  is  made  up  of  a  large 
number  of  i^adially  arranged  ele- 
ments called  ommaiidia  (Fig. 
394),  each  of  which  consists  of  an  outer  and  an  inner  por- 
tion. The  outer  portion  is  a  group  of  clear  glassy  cells  (cc.) 
enclosing  a  transparent  homogeneous  vitreous  body  (cr.)-.  the 
whole  of  this  portion  of  the  eye  serves  to  refract  the  raj-s  of 
light;  it  is  the  dioptric  apparatus,  tike  our  own  lens  and 
vitreous  humour.  The  inner  portion  is  a  group  of  sensory 
cells,  constituting  a  rctinula  (re),  and  enclosing  a  refractive  rod, 
the  rhaMome  (j-A.) :  the  retinula  is  the  actual  percipient  part 
of  the  ommatidium.  its  cells  being  comparable  to  our  own  rods 
and  cones.  The  retinute  of  adjacent  ommatidia  are  separated 
from  one  another  by  cells  full  of  black  pigment  (p.),  so  that  each 
oramalidium  is  in  a  state  of  optical  isolation  from  its  fellows, 
and  the  whole  eye  is  what  is  called  a  cmnpoiind  eye.     The  optic 
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nerve  springing  from  the  brain  dilates  into  an  cptic  ganglion,  from 
which  fibres  pass  to  the  retinulEe. 

The  median  eye  ia  an  ovoid  body,  and  consists  of  four  groups  of 
large  sensoiy  cells  enclosing  a  mass  of  pigmented  tissue :  it  is  in 
immediate  contact  with  the  brain,  and  receives  a  narrow  canal 
from  the  water-sac  beneath  the  cuticle  of  the  paired  eyes. 

ReproductiTe  Organ*. — The  large  majority  of  individuals 
both  of  Apus   and  Lepidurus   are  females;  males    are   of  com- 
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paratively  rare  occurrence.  The  ovarii  (Fig.  390,  ovy.)  is  a  branched 
tube  occupying  a  considerable  portion  of  the  body-cavity  in 
sexually  mature  individuals.  The  wnlls  of  the  tube  are  lined 
with  epithelium,  and  give  rise  to  ova,  which  piss  into  the  lumen 
of  the  tube  and  thence  to  a  duct  {ovd.)  ojwning  on  the  eleventh  or 
last  thoracic  segment.  As  in  Leeches  (p.  474),  there  is  reason 
for  thinking  that  the  cavity  of  the  ovarian  tube  represents  a 
-shut-off  portion  of  the  ccelome,  and  the  oviduct  a  nuphridium. 
One  species  has  been  shown  to  be  hcrmaphrotiite :  in  others 
males  are  occa.'<ionally  found,  but  reproduction  appeara  to  be,  as  a 
rule,  parthenogenetic. 


DeTelopment. — The  eggs  are  centrolecithal,  i.e.,  have  an 
accumulation  of  yolk  in  the  centre  surrounded  by  a  superficial 
layer  of  protoplasm.  The  process  of  segmentation  and  the  forma- 
tion of  the  germ-layers,  has  not  been  observed. 

The  embryo  is  hatched  in  the  form  shown  in  Fig.  395,  A.  The 
body  is  oval,  and  is  divisible  into  three  regions — a  large  anterior  or 
head-region ;  an  intermediate  ti'unk-rfguni,  the  hinder  part  of  which 
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already  shows  signs  of  segmentation  (/-  V)  and  a  posterior  bilobed 
anal  region.  Tne  head-region  bears  a  single  median  eye,  and  a 
pair  of  small  unjointed  appendages  {1),  each  with  two  large  setse 
at  its  extremity,  which  become  the  antennulcs  of  the  adult.  The 
trunk-region  bears  two  pairs  of  appendages,  the  first  of  which  (5) 
is  very  large  and  fringed  with  setsD,  but  is  chiefly  remark- 
able for  being  hiram&iis  or  two-branched- — being  formed  of  a 
proximal  portion  or  stem,  the  protopodile ;  a  small  inner  branch,  the 
endopodiie ;  and  a  large  outer  branch,  the  exf/pcdite.     This  second 
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appendage  becomes  the  antenna  of  the  adult,  and  may  be  called 
the  antennary  foot :  it  is  the  chief  organ  of  locomotion  of  the 
larva.  The  second  trunk-appendage  is  the  mandibular  foot  (3),  so 
called  because  it  becomes  converted  into  the  mandible  of  the 
adult :  it  is  also  biramous.  The  only  internal  structure  to  be 
noted  is  the  straight  enteric  canal  with  its  dilated  anterior  end 
or  stomach :  the  mouth  opens  between  the  bases  of  the  antennary 
and  mandibular  feet,  and  is  bounded  in  front  by  a  large  labrum : 
the  anus  lies  at  the  extremity  of  the  anal  region.  This  very 
peculiar  and  characteristic  larval  form  is  called  a  Naupliits} 

The  Nauplius  swims  freely,  chiefly  by  vigorous  strokes  of 
the  great  antennary  feet,  and  after  a  time  undergoes  a  series  of 
moults  or  ecdyses,  the  cuticle  being  cast  off  and  the  animal 
emerging  in  the  form  shown  in  Fig.  395,  B.  The  trunk-region  has 
elongated,  new  segments  having  been  added,  as  in  Chaetopods, 
between  those  previously  present  and  the  anal  region.  The 
antennules  have  become  shifted  backwards,  and  rudmients  of  a 
fourth  pair  of  appendages,  the  first  maxillae  (4),  have  appeared. 
The  carapace  has  grown  out  from  the  dorsal  region  of  the  head, 
and  a  peculiar  paired  sense-organ  (fs.)  has  appeared  on  the 
head. 

After  two  more  ecdyses  the  larva  has  assumed  the  form  shown 
in  Fig.  395,  C.  Several  new  segments  have  been  added,  and  the 
anterior  of  these  all  bear  leaf-like  thoracic  feet.  The  antennary 
feet  are  still  very  large,  and  the  bases  of  the  mandibular  feet  have 
become  enlarged  and  toothed  so  as  to  form  biting  jaws.  The 
carapace  (s)  has  increased  greatly,  and  the  caudal  styles  have 
attained  a  considerable  size.  Further  moults  occur,  new  seg- 
ments are  added  with  their  appendages,  the  antennules  and 
antennae  degenerate, — the  latter  sometimes  disappearing  alto- 
gether— the  mandibles  become  reduced  to  the  enlarged  basal 
segment,  and  the  larva  passes  by  almost  insensible  gradations 
into  the  adult  form. 

It  will  be  seen  that  the  development  of  Apus  proves  clearly 
that  the  antennae  and  mandibles  are  ordinary  trunk-appendages, 
homologous  with  the  thoracic  and  abdominal  feet :  a  comparison 
of  the  antennary  and  thoracic  feet  of  the  larva  supports  the  view 
that  the  endopodite  of  the  former  corresponds  with  the  fifth  endite 
of  the  latter,  and  the  exopodite  with  the  sixth  endite.  The 
antennules  are  from  the  first  unbranched  or  uniramous,  and  are 
originally  situated  quite  at  the  anterior  region  of  the  body  :  they 
do  not,  therefore,  show  a  complete  correspondence  with  the  remain- 
ing appendages,  and,  as  was  inferred  from  their  ner\'e  supply, 
may  perhaps  be  considered  as  prostomial  and  not  metamenc 
appendages. 

*  More  strictly  Metanauplius :  the  typical  Nauplius  exhibits  no  segmentation 
of  the  trunk  region. 
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b.  The  Fresh-water  Crayfish  (Astacus  Jluviatilis). 

Astacus  jluviatilis  is  common  in  streams  and  rivers  in  England 
and  the  continent  of  Europe;  allied  species  occur  in  Asia  and 
North  America ;  and  fresh-  water  Crayfishes  belonging  to  other 
genera,  but  agreeing  with  Astacus  in  all  essential  features,  are 
found  in  America,  Australia,  and  New  Zealand. 

External  Characters. — The  body  of  the  Crayfish  (Fig.  396)  is 
divided  into  two  regions — an  anterior,  the  c<2yhalotho7'ax  (cth.), 
Which  is  unjointed,  and  is  covered  by  a  carapace  resembling  that  of 
Apus,  but  of  smaller  proportional  size ;  and  a  posterior,  the  abdo- 
men {ab\  which  is  divided  into  distinct  segments,  movable  upon  one 
another  in  a  vertical  plane.  The  cephalothorax  is  again  divided 
into  two  regions — an  anterior,  the  A^arf;  and  a  posterior,  the  ^/i<?;"«a? 
— by  a  transverse  depression,  the  cervical  groove.  The  divisions  of 
the  body  are  thus  the  same  as  in  Apus,  but  the  abdomen  alone  is 
movably  segmented,  owing  to  the  fact  that  the  carapace,  instead 
of  being  a  purely  cephalic  structure  continued  backwards  as  a 
loose  fold  over  the  thorax,  is  developed  from  the  dorsal  and 
lateral  regions  of  both  head  and  thorax,  and  is  free  only  at  the 
sides  of  the  thorax,  where  it  forms  a  flap  or  gill-cover  (kd)  on  each 
side,  separated  from  the  actual  body-wall  by  a  narrow  space  in 
which  the  gills  are  contained  (Fig.  404).  The  carapace  is  made  of 
chitin,  strongly  impregnated  with  carbonate  of  lime  so  as  to  be 
hard  and  but  slightly  elastic. 

The  abdomen  is  made  up  of  seven  segments:  the  first  six 
(XIV-XIX)  of  these  are  metameres  in  the  strict  sense  of  the 
word,  and  have  a  ring-like  form  presenting  a  broad  dorsal  region  or 
tergtcm,  a  narrow  ventral  region  or  stemtcm,  and  downwardly 
directed  lateral  processes,  the  pletcra — the  latter  quite  unrepre- 
sented in  Apus.  The  seventh  division  of  the  abdomen  is  the  telson  : 
it  is  flattened  horizontally,  and  divided  by  a  transverse  groove  into 
anterior  and  posterior  portions.  All  seven  segments  are  calcified, 
and  are  united  to  one  another  by  chitinous  articular  membranes  : 
the  first  segment  is  similarly  joined  to  the  thorax.  Thus  the 
exoskeleton  of  Astacus  resembles  that  of  Apus  in  being  a  con- 
tinuous cuticular  structure,  but  diflfers  from  it  in  being  discon- 
tinuously  calcified,  so  as  to  have  the  character  of  a  hard  jointed 
armour. 

It  has  been  stated  that  the  abdominal  segments  are  movable 
upon  one  another  in  a  vertical  plane — i.e.,  the  whole  abdomen  can  be 
extended  or  straightened,  ana  Jlea)ed  or  bent  under  the  cephalo- 
thorax :  the  segments  are  incapable  of  movement  from  side  to 
side.  This  is  due  to  the  fact  that,  while  adjacent  segments  are 
connected  dorsally  and  ventrally  by  flexible  articular  membranes, 
they  present  at  each   side  a  hinge  (Fig.  400,  A),   placed  at  the 


PHYLUM  ARTHROPODA 


490 


junction  of  the  tcrgum  and  pleuron,  and  formed  by  a  little  pee- 
like -process  of  one  segment  fitting  into  a  depression  or  socket  in 
the  other.  A  line  drawn  between  the  right  and  left  hinges  con- 
stitutes the  axis  of  articut^tt'um,  and  the  only  possible  movement 
is  in  a  plane  at  right  angles  to  this  axis. 

Owing  to  the  presence  of  the  carapace,  the  thoracic  region  is 
immovable,  and  shows  no  distinction  into  semients  either  on  its 
dorsal  (tergal)  or  lateral  (pleural)  aspect.  But  on  the  ventral 
surface  the  sterna  of  the  thoracic  segments  are  clearly  marked 
off  by  transverse  grooves,  and  the  hindmost  of  them  is  slightly 
movable.     Altogether  eight  thoracic  segments  can  be  counted. 

The  ventral  and  lateral  regions  of  the  thoracic  exoskeleton  are 
produced  into  the  interior  of  the  body  in  the  form  of  a  segmental 


series  of  calcified  plate.'*,  sp  arranged  iis  to  form  a  row  of  lateral 
chambers  in  which  the  niuscles  of  the  limbs  lie,  and  a  median 
tunneUhke  passage  or  slcntat  cunnl,  containing  the  thoracic  portion 
of  the  nervous  system.  The  entire  cnil;phr'i<fmnl  si/xlem,  as  it  is 
called,  constitutes  a  kind  of  internal  skeleton:  its  anterior  end  is 
formed  by  a  plate,  the  cfphuUc  optKfrmr,  having  the  same  anatomical 
relations  as  the  aimilarlv  named  structure  in  Apus. 

The  bead  ojchibits  "no  segmentation :  its  stomal  region  is 
formed  largely  by  a  shield-shap«d  plate,  the  ciiixtmii".  nearly  vertical 
in  position.  The  ventral  surface  of  the  head  is,  in  fact,  bent  so  as 
to  face  forwards  instead  of  downwanls.  The  epistoma  is  bounded 
laterally  by  the  free  edge  of  the  cnniitace  instead  i>f  jMissing 
insensibly  into  it  like  the  sub-fnintnl  area  of  Apus,  with 
which  however  it  agrees  in  having  the  Mmim  attached  to  the 
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middle  of  its  posterior  border.  The  cephalic  region  of  the  cara- 
pace is  produced  in  front  into  a  large  median  spine,  the  rostnim 
(Fig.  396,  r) :  immediately  below  it  is  a  plate  from  which  spring 
two  movably  articulated  cylindrical  bodies,  the  cye-stalhs,  bearing 
the  eyes  at  their  ends. 

The  appendages  are  seen  at  a  glance  to  differ  from  those  of 
Apus  in  their  vastly  greater  degree  of  differentiation ;  obvious  at 
a  glance  are  the  long  feelers  (Fig.  396,  a.  1,  a.  ^)  attached  to  the 
head,  the  five  pairs  of  legs  (9-13)  springing  from  the  thorax,  and 
the  little  fin-like  bodies  arising  from  the  sterna  of  the  abdomen. 
It  will  be  convenient  to  begin  with  the  last-named  region. 

The  third,  fourth,  and  fifth  segments  of  the  abdomen  bear 
each  a  pair  of  small  appendages,  the  swimming  feet  or  pleopals 
(Fig.  397, 10),  the  resemblance  of  which  to  the  biramous  limbs 
of  the  larval  Apus  is  obvious.  There  is  an  axis  or  protopodite 
consisting  of  a  very  short  proximal  (pr.  1)  and  a  long  distal 
(pr,  2)  podomere,  and  bearing  at  its  free  end  two  jointed  plates, 
fringed  with  setae,  the  endopodite  (en)  and  exopodite  (ex).  These 
appendages  act  as  fins,  moving  backwards  and  forwards  with  a 
regular  swing,  and  probably  aiding  in  the  animal's  forward 
movements. 

In  the  female  a  similar  appendage  is  borne  on  the  second  seg- 
ment, while  that  of  the  first  is  more  or  less  rudimentary.  In  the 
male  the  first  and  second  pleopods  (9)  are  modified  into  incom- 
plete tubes  which  act  as  copulatory  organs,  serving  to  transfer 
the  spermatophores  to  the  body  of  the  female.  The  sixth  pair  of 
abdominal  limbs  (11)  are  alike  in  the  two  sexes :  they  are  very 
large,  both  endo-  and  exopodite  having  the  form  of  broad  flat 
plates :  in  the  natural  position  of  the  parts  they  lie  one  on  each 
side  of  the  telson,  forming  with  it  a  large  five-lobed  tail  fin  :  they 
are  therefore  conveniently  called  uropods  or  tail-feet.  The  telson 
itself  bears  no  appendages. 

The  thoracic  appendages  are  very  different.  The  four  posterior 
segments  bear  long  slender,  jointed  legs  (8\  upon  which  the  animal 
walks :  in  front  of  these  is  a  pair  of  verj'  large  legs  terminating 
in  huge  claws  or  c/tete,  and  hence  called  chelipeds  (Fig.  396,  9). 
The  three  anterior  segments  bear  much  smaller  appendages, 
more  or  less  leg-like  in  form,  but  having  their  bases  toothed  to 
serve  as  jaws :  they  are  distinguished  as  maxillipeds  or  foot-jaws 
(Fig.  397,  5-7), 

The  structure  of  these  appendages  is  best  understood  by  a  con- 
sideration of  the  third  maxilliped  (7),  The  main  portion  of  the 
limb  is  formed  of  seven  podomeres  arranged  in  a  single  series, 
strongly  calcified,  and,  with  the  exception  of  the  second  and  third, 
which  are  fused,  movably  articulated  with  one  another.  The  second 
podomere,  counting  from  the  proximal  end,  bears  a  many-jointe<l 
feeler-like   organ  (ex),  and  from  the  first  springs  a  thin  folded 
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plate  {ep)  having  a  plurae-like  gill  (g)  attached  to  it.  Obviously 
such  an  appendage  is  biramous,  but  with  one  of  its  branches 
greatly  in  excess  of  the  other :  the  first  two  segments  of  the  axis 
{pT.  1,  pr.  2)  form  the  protopodite,  its  remaining  five  segments 
(en.  1-6)  the  endopodite,  and  the  feeler,  which  is  directed  out- 
wards, or  away  from  the  median  plane,  the  exopodite  {ex).  The 
folded  plate  (ep)  is  called  the  epipodite :    in  the  natural  position 


Uj,.,,„. 


of  the  parts  it  is  directed  upward?^,  and  lies  in  the  gill-ojivity 
between  the  proper  wall  of  the  thorskx  and  thegill-covirJFig.  404). 
Its  position  is  thus  vei^-  similar  to  that  of  the  tlaV'lluni  of  Apiis, 
while  the  gill  attached  to  it  is  com]mnible  to  the  bract. 

The  five  legs  (S)  differ  from  the  thirti  niaxillipe<l  in  their  greater 
size,  and  in  having  no  exopodite  :  in  the  fifth  or  last  the  epipodito 
also  is  absent.     The  first  three  of  them  have  imdergont'  a  curious 
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modification,  by  which  their  ends  are  converted  into  pincei-s  or 
cAeifF :  the  fourth  segmGnt  (en,  4)  of  the  endopodite  (sixth  of  the 
entire  limb)  is  produced  distally  so  as  to  form  a  claw-like  projec- 
tion (en.  4^),  against  which  the  tenninal  segment  (ere.  5)  bites.  The 
first  leg  is  much  stouter  than  any  of  the  others,  and  its  chela  is  of 
immense  size  and  forms  an  important  weapon  of  offence  and 
defence.  The  secotid  viwnlliped  resembles  the  third,  but  is  con- 
siderably smaller:  the  first  (C)  has  its  endopodite  greatly  reduced,  __ 
the  two  segments  of  its  protopodite  large  and  leaf-like,  and  no  ~ 
gill  is  connected  with  the  epipoUite. 

As  in  Apus,  the  head  bears  a  pair  of  mandibles  and  two  pairs  of 
maxillfe  in  relation  with  the  mouth,  and  in  front  of  that  aperture 
a  pair  of  antennules  and  one  of  antennie.  The  hindmost  appendage 
of  the  head  is  t)\e  second  maxilla  (JJ),&  markedly  foliaceous  append- 
age :  its  protopodite  (jir.  1,  pr.  2)  is  cut  up  into  lobes  comparable 
with  the  four  proximal  endites  in  the  thoracic  feet  of  Apus: 
its  endopodit<;  (era)  corresponds  with  the  fifth  endite,  while  the 
sixth  endite  is  represented  by  the  exo])odite  (ex),  modified  into 
a  boomerang-shaped  plate,  which,  as  we  shall  see,  is  an  important 
acc^Bory  organ  of  respiration.  The  first  nmxillu  {4)  is  a  very 
small  organ.  Having  neither  exo-  nor  epipodite.  The  mavdihh  (3) 
is  a  large  strongly  calcified  body,  tootned  along  its  inner  edge, 
and  bearing  on  its  anterior  bonier  a  little  three-jointed  feeler- 
like body,  the  ptdp,  the  two  distal  segments  {en.  1,  en.  2)  of 
which  represent  the  endopodite,  its  proicimal  .segment  (pr.  2), 
together  with  the  mandible  proper  (pr.  1),  the  protopodite. 

The  mitcnna  (2)  is  of  great  size,  being  nearly  as  long  as  the 
whole  body.  It  consists  of  an  axis  of  five  podomeres,  the  fifth  or 
last  of  which  bears  a  long  flexible,  many-jointed  structure,  or 
Jlagellum  (ft),  while  from  the  second  segment  springs  a  scale-like 
body  or  squamr.  (ca).  It  is  fairly  obvious  that  the  two  proximal 
segments  represent  the  protopodite,  the  remaining  three,  with  the 
flagellum,  the  endopodite,  and  the  squame  the  exopodite-  * 

The  anttnnule  (I)  has  an  axis  of  three  podomeres  (1-3)  ending 
in  two  many-jointed  flagella  (fi.  1.  and  2),  which  are  sometimes 
considered  as  endo-  and  exopodite.  But  in  all  the  other  limbs, 
as  we  have  seen,  the  exopodite  springs  from  the  second  segment 
of  the  axis,  and  the  probabilities  are  that  there  is  no  exact  corre- 
spondence between  the  parts  of  the  antennule  and  those  of  the 
remaining  appendages. 

The  eye-slidks,  already  noticed,  arise  just  above  the  antennules, 
and  are  formed  each  of  a  small  proximal  and  a  large  distal  segment. 
They  are  sometimes  counted  as  appendages  serially  homologous 
with  the  antennte,  legs,  &c.  But,  as  we  have  seen  in  the  case  of 
Apus,  the  appendages  of  Crustacea  are  always  formed  in  regular 
order  from  before  backwards ;  the  eye-stalks,  on  the  other  hand, 
always  appear  later,  both  in  inrlividual  development  and  in  the 
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Crustacean  series,  than  the  nomml  anterior  appendages.  They  are 
therefore  more  properly  to  be  looked  upon  as  articulated  processes 
of  the  pFostomium,  developed  in 
connection  with  the  need  for  an 
increased  range  of  vision.  The  prob- 
ability of  the  antennules  being  also 
prostomial  structures  has  already 
been  referred  to :  assuming  this  to 
be  the  case,  it  will  be  seen  that  the 
body  of  the  Crayfish  consists  of  a 
proatomium,  eighteen  metameres, 
and  a  telson  which  is  probably  com- 
posed of  an  anal  segment,  plus  a 
post-anal  plate.  The  prostomium 
bears  eye-stalks  and  antennules:  the 
first  four  metameres  are  fused  with 
the  prostomium  to  form  the  head, 
and  bear  the  antennae,  mandibles, 
first  maxillfe,  and  second  maxillee : 
the  next  eight  metameres  (5th-12th) 
constitute  the  thorax,  and  bear  the 
three  pairs  of  nmxillipeds  and  the 
five  pairs  of  legs:  the  remaining  six 
metameres  (13th-18th),  together 
with  the  telson,  constitute  the  abdo- 
men, and  bear  five  pairs  of  pleopods 
and  one  of  uropods. 

The  articulation  of  the  various 
podomeres  of  the  appendages  is  on 
the  same  plan  as  that  ot  the  ab- 
dominal segments  (p.  498).  The 
podomeres  are,  it  must  be  remem- 
bered, rigid  tubes;  they  are  con- 
nected with  one  another  by  flexible 
articular  membranes  (Fig.398,  art.  in.), 
but  at  two  points  the  adjacent  ends 
of  the  tubes  come  into  contact  with 
one  another  and  are  articulated  by 
peg  and-Eocket  joints  (A.),  the  two 
joints  being  at  opposite  ends  of  a 
diameter  which  forms  the  axis  of 
articulation.     The    two    podomeres 

can,  therefore,  be  moved  upon  one  "" '" 

another  in  a  plane  at  right  angles 

to  the  axis  of  articulation  and  in  no  other  direction,  the  joints 
being  pure  hinge-joints.  As  a  rule,  the  range  of  movement 
is    from    the   peri>endicu!ar  to  a  tolerably  extensive  flexion   on 
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one  side — the  articulations  are  single-jointed,  like  our  own 
elbows  and  knees.  The  whole  limb  is,  h(jwever,  capable  of 
universal  movement,  owing  to  the  feet  that  the  axes  of 
articulation  vary  in  direction  in  successive  joints :  the  first  joint 
of  a  limb  benmng,  for  instance,  up  and  down,  the  next  back- 
wards and  forwards,  the  next  obliquely,  and  so  on.  In  some  cases, 
e.g.  the  pleopods,  peg-and-socket  joints  are  absent,  the  articulation 
being  formed  merely  by  an  annular  articular  membrane  and  move- 
ment being  therefore  possible  in  any  plane. 

Body-wall. — The    exosketeton    is    produced    into    spines   of 

Viirving   form    and   size,   and   many  parts    of  it   bear   tufts   or 

fringes  of  setaj,  which  also  exhibit  a  wide  variation  in  size  and 

form.     It  is  composed  of  a  thick  laminated  chitinous  membrane 

(Fig.  399,  CM.),  more  or  less  impregnated  with  lime-salts,  and  is 

shed  periodically — once  a  year  during 

^^,  adult  life.    Beneath  it  is  the  epidermis 

NJr^  ^  {ep.),  composed  of  a  single  layer    of 

S^^^^^i^^^mB  cells,  from  which  the  chitin  is  secreted, 

■B|HE^|HH  and  underlaid  by  a  layer  of  connective- 

^^^^H^^^^l  "         tissue  {(-.l.)  to  which  the  muscles  are 

^^^^^■I^^^^H  attached. 

HHPPyHB^H  The    miucular  lystem,  like  the 

,.',' ,.  ''I    ^  exoskeleton,  shows  a  great    advance 

-'-■''  ""'Iv^Jl^  in  complexity  over  that  of  Apiis.     In 

'      ,  '  .'jlj'  '*        the  abdomen  (Fig.  400')  the  muscles 

■  "j^'  are   of  great   size,  and   are   divisible 

:*^y}'-'         into   a  sniallcT   donsal   and   a    larger 

I  1 1..11  of  ikia       venti-al  set.    The  dorsal  wuscles  {d.  m.) 

.  >iL-niv,:iia«ue-o°B't!5B'-       are  paired  longitudinal  bands,  divided 

I;,.' '^S"r'"i* i  T'JiU.'"  {AfUT      into  myomeres,  and  inserted  by  con- 

*^'''*""'"""'  neetive  tissue  into  the  anterior  border 

of  each  segment :   anteriorly  they 

traceable  into  the  thorax,  where  they  arise  from  the  side-walls 

that  region.    When  these  muscles  contract,  they  draw  the  anterior 

edge  of  each  tcrgum  under  the  posterior  edge  of  its  predecessor, 

and  thus  extend  or  straighten  the  abdomen. 

The  ventral  muscles  are  extraordinarily  complex.  Omitting  de- 
tails, there  is  on  each  side  a  wavy  longitudinal  band  of  muscle  (c.  vi.). 
nearly  circular  in  section,  which  sends  off  a  slip  (fa-, )  to  be  iaserted 
into  each  segment  above  the  hinge  (h.):  the  contraction  of  this 
muscle  must  obviously  tend  to  approximate  the  tei^.  and  so  aid 
the  dorsal  muscles  in  extending  the  abdomen.  Around  this  ceniml 
muxU  is  wrapped,  in  each  segment,  a  band  of  muscle  (env.  m.)  in 
the  form  of  a  loop,  the  outer  limb  of  which  turns  forwards  and  is 
inserted  into  a  sternum,  while  the  inner  limb  turns  backwards  and 
is  inserted  into  another  and  more  posterior  stemimi.  The  con- 
truction  of  thiM  enveloping  mvsclc  produces  an  approximation  of 
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the  sterna, and  thus  flexes  tho  abdomen,  the  central  muscle  alwajH 
ketipiDg  the  middle  of  the  loop  in  place.  The  ventral  muscles 
are,  like  the  dorsal,  traceable  mto  the  thorax,  where  they  arise 
troin  the  endophragmal  system :  their  various  ports  are  connected 
by  a  complex  system  of  flbres  extending  between  the  central  and 
enveloping  muscles,  and  connecting  both  with  their  fellows  of  the 
opposite  side.  The  flexor  muscles  are  immensely  powerful,  and 
produce,  when  acting  together,  a  sudden  and  violent  bending  of 


the  abdomen  upon  the  cephalothorax,  causing  the  Crayfish  to  dart 
backwards  with  great  rapidity. 

It  will  be  seen  that  the  body-muscles  of  the  Crayfish  cannot  bv 
said  to  form  a  layer  of  the  body-wall,  as  in  Cha'topoels,  tho  abdomen 
of  Apus,  &c.,  but  constitute  an  immense  fleshy  nias.-i,  filling  up  the 
greater  part  of  the  body-cavity,  and  leaving  a  very  small  space 
around  the  enteric  canal. 

In  the  linib«  (Fig.  308),  each  podonien*  is  acted  upon  by  twi> 
muscle.-i  situated  in  the  next  proximal  ]HMliniurc.  These  muscles 
are    inserted,  by  chitinous  and  often  calcifie<l  tendons,  into  the 


large  Intnttiio:    Ir.  U'nr  i    ri-i. 
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proximal  eflge  of  tho  sL'gment  ba  he 
moved,  the  smaller  on  the  extensor 
{ext.),  the  larger  on  the  flexor  {^.) 
side,  in  each  case  half-way  between 
the  two  hinges,  so  that  a  line  join- 
ing the  two  muscular  insertions  is 
at  right  angles  to  the  axis  of  articu- 
lation. 

Tho  digestive  organs  are  con- 
slructi'd  Mil  ihi-  --aiin'  general  plan 
iw  thrisi'  iif  A|iii.-..  liiLt  present  many 
striking  .liUViviiri'siFig.  401).  The 
vi-iuth  lies  in  the  middle  ventral  lice 
of  the  head,  and  is  bounded  in  front 
Ijy  the  labrum,  at  the  sides  by  the 
mandibles,  and  behind  by  a  pair  of 
delicate  lobes,  the  •paragnaiha.  It 
leads  by  a  short  wide  g^Uht  {oe)  into 
a  caiwcious  stomach,  which  occupies 
a  great  part  of  the  interior  of  the 
head,  and  is  divided  into  a  large  an- 
terior or  mrdiao  division  (c.s).  and 
a  small  posterior  or  pylm-U  division 
i/ia) :  the  latter  passes  into  a  narrow 
and  very  short  small  intestine  (nitl), 
from  which  a  somewhat  wider  larife 
intestine  (hd)  extends  to  the  anus(iin.), 
situated  on  the  ventral  surlace  of  the 
telson. 

The  outer  layer  of  the  enteric  canal 
consists  of  connective  tissue  contain- 
ing striped  muscular  fibres :  within 
this  is  a  single  layer  of  columnar 
epithelial  cells.  In  the  gullet  and 
stomach,  and  in  the  large  intestine, 
the  epithelium  secretes  a  layer  of 
chitin,  which  thus  constitutes  the 
innermost  lining  of  those  cavities.  It 
is  ]»roved  by  development  that  the 
small  intestine,  whieh  nas  no  chitinous 
lining,  is  the  only  part  of  the  enteric 
canal  developed  from  the  inesenteron  : 
the  gullet  and  stomach  arise  from 
the  storaodteum,  the  large  intestine 
from  the  proctodeum.  Thus  a  \ery 
smalt  portion  of  the  enteric  epithelium 
is  cndodernial. 
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In  the  cardiac  division  of  the  stomach  the  chitinous  lining  is 
thickened  and  calcified  in  certain  parts,  so  as  to  form  a  complex 
articulated  framework,  the  gastric  mill,  on  which  are  borne  a 
median  and  two  lateral  teeth,  strongly  calcified  and  projecting 
into  the  cavity  of  the  stomach.  Two  pairs  of  strong  muscles 
^rise  from  the  carapace,  and  are  inserted  into  the  stomach  :  when 
they  contract  they  move  the  mill  in  such  a  way  that  the  three 
teeth  meet  in  the  middle  and  complete  the  comminution  of  the 
food  begun  by  the  jaws.  The  separation  of  the  teeth  is  effected 
l)artly  by  the  elasticity  of  the  mill,  partly  by  delicate  muscles  in 
the  walls  of  the  stomach.  The  pyloric  division  of  the  stomach 
forms  a  strainer:  its  walls  are  thickened  and  produced  into 
numerous  setae,  which  extend  quite  across  the  narrow  lumen  and 
prevent  the  passage  of  any  but  finely  divided  particles  into  the 
intestine.  Thus  the  stomach  has  no  digestive  function,  but  is 
merely  a  masticating  and  straining  apparatus.  On  each  side  of 
the  cardiac  division  is  found  at  certain  seasons  of  the  year  a 
plano-convex  mass  of  calcareous  matter,  the  gastrolith, 
'  The  digestion  of  the  food  and  to  some  extent  the  absorption  of 
the  digested  products  are  performed  by  a  pair  of  large  glands  {Ir.), 
lying  one  on  each  side  of  the  stomach  and  anterior  end  of  the 
intestine.  They  are  formed  of  finger-like  sacs  or  cmca,  which 
discharge  into  wide  ducts  opening  mto  the  small  intestine,  and 
are  lined  with  glandular  epithelium  derived  from  the  endoderm 
of  the  embryo.  The  glanas  are  often  called  livers,  but  as  the 
yellow  fluid  they  secrete  digests  proteids  as  well  as  fat,  the  name 
hcpato-pnncreas  is  often  applied  to  them,  or  they  may  be  called 
simply  digestive  glands.  The  Crayfish  is  carnivorous,  its  food  con- 
sistmg  largely  of  decaj-ing  animal  matter.  Microscopic  glands 
occur  in  the  wall  of  the  gullet. 

The  digestive  organs  and  other  viscera  are  surrounded  by  a 
hody-cavity,  which  is  in  free  communication  with  the  blood- 
vessels and  itself  contains  blood.  As  will  be  pointed  out  more 
particularly  hereafter,  this  cavity  is  to  be  looked  upon  as  an 
immense  blood-sinus,  and  not  as  a  true  ccelome. 

There  are  well-develgped  respiratory  organs,  in  the  form  of 
gilU,  contained  in  a  narrow  branchial  chamber,  boimded  internally 
by  the  proper  wall  of  the  thorax  (Fig.  404,  ^7)),  oxtem.ally  by  the 
gill-cover  or  pleuml  region  of  the  carapace  (led).  Elach  gill  con- 
sists of  a  stem  giving  off  numerous  branchial  filaments,  so  that 
the  whole  organ  is  plume-like.  The  filaments  are  hollow,  and 
communicate  with  two  parallel  canals  in  the  stem — an  external, 
the  affi^mi  branchial  vein,  and  an  internal,  the  effcrait  branchial 
vein.  The  gill  is  to  be  considered  as  an  out-pushing  of  the 
body- wall,  and  contains  the  siime  layers — a  thin  layer  of 
chitin  externally,  then  a  single  layer  of  ejnthelial  cells,  and 
beneath    this   connective    tissue,   hollowed    out    for    the    blood 


channels  and  containing   gland-cells,  which   will   be    referred  to 
presently. 

According  to  their  point  of  origin,  the  gills  are  divisible  into 
three  sets — first,  podobraTic/iiw  or  foot-gills,  springing  from  the 
epipodites  of  the  thoracic  appendages,  from  which  they  are  only 


partially  separable ;  secondly,  artkrobranchitc  or  Joint-gills,  spring- 
ing from  the  articular  membranes  connectmg  the  thoracic 
appendages  with  the  trunk;  and  thirdly, ;>/«(TofrrancA«p,  or  wall- 
gills,  springing  from  the  lateral  walls  of  the  thorax,  above  the 
attachment  of  the  appendages.  It  is  inferred  from  the  study  of 
other  £!rayfishes,  that  a  typical  thoracic  segment  bears  four  gills, 
one  ptxlo-,  two  arthro-.  and  one  plciirobranchia.    But  in  Potauiobia 
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one  or  more  of  the  gills  in  every  segment  are  absent  or  vestigial, 
and  the  following  table,  or  "  branchial  formula,"  shows  the  actual 
number  and  arrangement  of  these  organs, «/?  standing  for  epipodite, 
and  r  for  the  vestige  of  a  gill. 


Thoracic 
Segments. 


I. 


II.       III.  I   IV.       V. 


VI. 


Podobranchue...  0  +  «p  1+cp  ,  l+«j^  1+cp   \-¥cp      \-\-ep 
Arthrobranchiae       0  1      '     2     |     2  2  2 

Pleurobranchiae        0  0     I     0     !     0     !     0  r 


VII. 

l-\-ep 
2 


Total  ;0+«p!2+«p  3+tf|? 


3  +  e;>'3  +  «p3  +  r  +  <7>i8  +  r  +  <p 


Total. 


6+7«p 
11 
l+2r 


18  +  2r+7ep 


By  adding  up  the  columns  vertically  we  get  the  number  of  gills 
in  each  segment ;  by  adding  them  horizontally,  the  number  of  each 
kind  of  gill ;  and  by  adding  together  the  results  obtained  by  either 
method,  the  total  number  of  gills,  viz.,  eighteen  complete  gills 
with  two  vestigas  and  seven  epipodites. 

The  excretory  organs  differ  both  in  position  and  in  form 
from  those  of  Apus.  There  are  no  shell-glands,  but  at  the  base 
of  each  antenna  is  an  organ  of  a  greenish  colour,  the  antennary 
or  green  gland,  by  which  the  function  of  renal  excretion  is  per- 
formed. The  gland  (Fig.  403)  is  cushion-shaped,  and  consists  of 
three  parts — (1)  a  central  saccule  (s.)  of  a  yellowish  colour,  occupy- 
ing the  mid-dorsal  region,  and  consisting  of  a  sac  divided  into 
numerous  compartments  by  partitions,  and  communicating  with 
(2)  the  outer  or  cortical  portion  (c.  p,\  of  a  green  colour,  consisting 
of  a  glandular  network  formed  of  anastomosing  canals,  and  com- 
municating in  its  turn  with  (3)  a  tvhite  portion  {w.  p.),  formed  of  a 
single  tube  partly  converted  into  a  sponge-work  by  ingrowths 
of  its  walls.  The  whole  organ  is  lined  by  glandular  epithelium, 
and  the  white  portion  discharges  into  a  thin-walled  sac  or  urinary 
bladder  (bl.)  which  opens  by  a  duct  (d.)  on  the  proximal  segment  of 
the  antenna.  The  glands  already  refeiTed  to  a.s  occurring  in  the 
gills  are  also  supposed  to  have  an  excretory  function. 

The  circulatory  organs  are  in  a  high  sUite  of  development. 
The  Aear^  (Figs.  401, 404,  A.)  is  situated  in  the  dorsiil  region  of  the 
thorax,  and  is  a  roughly  polygonal  muscular  organ  pierced  by 
three  pairs  of  apertures  or  ostia  (o.),  guarded  by  valves  which  open 
inwards.  It  is  enclosed  in  a  spacious  pericnrdUd  sinus  (Fig.  404, 
pc),  which  contains  blood.  From  the  heart  spring  a  number  of 
narrow  tubes,  called  arteries,  which  serve  to  convey  the  blood  to 
various  parts  of  the  body.     At  the  origin  of  each  artery  from  the 


610  ZOOLOGV  SECT. 

heart  are  valves  which  allow  nf  the  flow  of  blood  in  one  direction 
only,  viz.  from  the  heart  to  the  artery.  From  the  anterior  end 
of  the  heart  arise  five  vessels — the  median  Dpktkalmic  artenj 
(Fig.  401,  oa^,  which  passes  forwards  bo  the  eyes;  paired  an- 
tennary  artenca  {mi.),  g^irig  to  the  antcnniiles,  antcnnse,  green 
glands,  &c.,  and  sending  off  branches  to  the  stomach ;  and  paired 


Fifl.  403.— DUgram  of  kldnev  of  AaUona  AutIbHUb. 

-     UBtunl  rolatloiiH.    U.  bladder  ;  r.  ji.   cortlal  |«rtloa 
tnrtint.    (Alter  Huchal.) 


hefatic  arteries,  going  to  the  digestive  glands.  The  posterior  end 
of  the  heart  gives  off  two  unpaired  arteries  practically  uniteiJ 
at  their  origin,  the  dnrsfil  ahloviinal  artery  (oaa.),  which  pisses 
backwards  above  the  intestine,  sending  branches  to  it  and  to  the 
dorsal  muscles;  and  the  large  sternal  artery  (so.),  which  passes 
directly  downwards,  indifferently  to  right  or  left  of  the  intestine, 
passing  between   the  connectives  uniting  the  third  and   fourth 
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thoracic  ganglia,  and  then  turns  forwards  and  runs  in  the  8t<?mal 
canal,  immediately  beneath  the  nerve-cord,  and  sends  o£f  branches 
to  the  legs,  jaws,  fflc.  At  the  point  where  the  sternal  artery  turns 
forwards  it  gives  off  the  median  veiUi-al  ahdoniiiial  artery  {uaa.), 
which  passes  backwards  beneath  the  nerve-cord,  and  supplies  the 
ventral  muscles,  pleopode,  &c. 

All  these  arteries  branch  extensively  in  the  various  organs  they 
supply,  becoming  divided  into  smaller  and  smaller  offshoots,  which 
finally  end  in  microscopic 
vessels  called  capillaries. 
These  latter  end  by  open 
mouths  which  communicate 
with  the  blood-sinuses  (Fig. 
405, «.), spacious  cavities  lying 
among  the  muscles  and  vis- 
cera, and  all  communicating, 
mediately  or  immediately 
with  the  sternal  sinus  (st.s.), 
a  great  median  canal  run- 
ning longitudinally  along  the 
thorax  and  abdomen,  and 
containing  ths  ventral  nerve- 
cord  and  the  sternal  and 
ventral  abdominal  art>eries. 
In  the  thorax  the  sternal 
sinus  sends  an  offshoot  to 
each  gill  in  the  form  of  a 
well-defined  vessel,  which 
passes  up  the  outer  side  of 
the  gill  and  is  called  the 
afferent  branekial  vein  (a/.br.t.; 
aee  also  Fig.  404).  Spaces 
in  the  gill-maments  place  the 
afferent  in  communication 
with  the  effeivnt  branchial 
vein  (e/.br.v.),  which  occupies 
the  inner  side  of  the  mil- 
stem.  The  eighteen  efferent  branchial  veins  open  into  six 
branchio-cardiac  veins (br.c.v.),  vihich  pasH  dorsally  in  close  contact 
with  the  lateral  wall  of  the  thorax  and  open  into  the  pericardial 
sinus  (pc(U). 

The  whole  of  this  system  of  cavities  is  full  of  blood,  and  the 
heart  is  rhrthmically  contractile.  When  it  contracts,  the  blood 
contained.in  it  is  prevented  from  entering  the  jiericardial  sinus  by 
the  closure  of  the  valves  of  the  ostia.  and  therefori'  takes  the  only 
other  coupw  open  to  it,  viz.,  into  the  arterie.i.  When  the  heart 
relaxes,  the  blood  in  the  arteries  is  jireveiited  from  regurgitating 
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by  the  valvas  at  thi'ir  origins,  iinri  the  pressure  of  blfioil  in  the 
pericardial  liinus  forces  open  the  valves  of  the  ostia  and  no  fills 
the  heart.  Thus  in  virtue  of  the  succeasive  contractions  of  the 
heart,  and  of  the  disposition  of  the  valves,  the  blood  is  kept  con- 
stantly moving  in  one  direction— viz.,  from  the  heart  by  the 
arteries  to  the  various  organs  of  the  body,  where  it  receives  car- 
bonic acid  and  other  waste  matters;  thence  by  sinuses  into  the 
great  sternal  sinus ;  from  the  sternal  sinus  by  afferent  branchial 
veins  to  the  gills,  where  it  exchanges  carbonic  acid  for  oxygen ; 
from  the  gills  by  efferent  branchial  veins  to  the  branch iocardiac 
veins,  thence  into  the  pericardial  sinus,  and  so  to  the  heart  once 
more. 

It  will  be  seen  that  the  circulatorj-  system  of  the  Crayfish  con- 
siats  of  three  sections — (1)  the  henii  or  organ  of  propulsion ;  (2)  a 
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system  of  out-going  channels,  the  arteries,  which  carry  the  blood 
from  the  heart  to  the  body  generally ;  and  (3)  a  system  of  return- 
ing channels,  some  of  them,  the  sinusts,  mere  irregular  cavities  ; 
others,  the  veins,  with  definite  walk,  which  return  it  from  the 
various  organs  back  to  the  heart.  The  respiratory  organs,  it 
should  be  observed,  are  interposed  in  the  returning  current,  so 
that  blood  is  taken  both  to  ana  from  the  gills  by  veins. 

Comparing  the  blood-vessels  of  Astacus  with  those  of  a 
Chtetopod,  it  would  seem  that  the  ophthalmic  artery,  heart,  and 
dorsal  abdominal  artery  together  answer  to  a  dorsal  vessel,  part 
of  which  has  become  enlarged  and  muscular,  and  discharges  the 
whole  function  of  propelling  the  blood.  The  horizontal  portion  of 
the  sternal  artery,  together  with  the  ventral  abdominal,  represent 
a  ventral  vessel,  while  the  vertical  portion  of  the  sternal  artery  is 
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a  commissure,  developed  sometimes  on  the  right,  sometimes  on 
the  left  side,  its  fellow  being  suppressed. 

The  blood  when  first  drawn  is  colourless,  but  after  exposure  to 
the  air  takes  on  a  bluish-gray  tint.  This  is  owing  to  the  presence 
of  a  colouring  matter  called  hcemoq/aniUy 
which  becomes  blue  when  combined  with 
oxygen ;  it  is  a  respiratory  pigment,  and 
serves,  like  haemoglobin,  as  a  carrier  of 
oxygen  from  the  external  medium  to  the 
tissues.  The  haemocyanin  is  contained  in 
the  plasma  of  the  blood:  the  corpuscle's 
are  all  colourless  leucocytes. 

The  nervous  system  (Fig.  406)  con- 
sists, like  that  of  Apus,  of  a  brain  {g)  and 
a  ventral  nerve-cord,  united  by  oesophageal 
connectives  (sc).  But  the  right  and  left 
halves  of  the  ventral  cord  have  imdergone 
partial  fusion,  so  that  the  ganglia,  and  in 
the  abdomen  the  connectives  also,  appear 
single  inste«ad  of  double.  Moreover,  the 
brain  supplies  not  only  the  eyes  and  anten- 
nules,  but  the  antennae  as  well,  and  it  is 
found  by  development  that  the  two  pairs 
of  ganglia  belonging  to  the  antennularv 
and  antennary  segments  have  fused  with 
the  brain  proper.  Hence  we  have  to  dis- 
tinguish between  a  primary  brain  or  archi- 
cerebrum,  the  ganglion  of  the  prostomium, 
and  a  secondary  brain  or  syn-cerehntm 
formed  by  the  union  of  one  or  more  pairs 
of  ganglia  of  the  ventral  cord  with  the 
archi-cerebrum.  A  further  case  of  con- 
crescence of  ganglia  is  seen  in  the  ventnil 
nerve-cord,  where  the  ganglia  of  the  last 
three  cephalic  and  first  three  thoracic  seg- 
ments have  united  to  form  a  large  com- 
pound suh-cesaphageal  ganglion  {hg).  All 
the  remaining  segments  have  their  own 
ganglia,  with  the  exception  of  the  telson, 
which  is  supplied  from  the  ganglion  of  the 
preceding  segment.  There  is  a  visceral 
system  of  nerves  (s)  supplying  the  stomach, 
originating  in  part  from  the  brain  and  in  part  from  the  oeso- 
phageal connectives. 

Sensory  Organs. — The  eyes  have  the  same  essential  structure 
as  the  compound  eye  of  Apus.  The  chitinous  cuticle  covering 
the  distal  end  of  the  eye-stalk  is  transparent,  divided  by  delicate 
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Fio.  40rt.— Nervous  «v«tem  of 
Astacna    fluTiatUis. 

bf/.  BulMiwophaKeal  gang* 
lion ;  cp.  ci>ininl»8unil 
g&nglion  ;  ff,  braiu  ;  /«,  vis- 
ceral nerve  ;  #r,  (eflopha* 
geal  connective  ;  »/,  p»^t- 
ujHophiigoal  ci»mmiMure ; 
IV— VIII,  thoracic  gang- 
lia ;  1 — '>,  abdominal  gang- 
lia. (From  l^ng!*  Cmu' 
THii-nticK  Artntoiutf,  after 
Vogt  and  Yung.) 


514  ZOOLOGY  sect. 

lines  into  square  areas  or  facets,  and  constitutes  the  cornea.  Be- 
neath each  facet  of  the  cornea  is  an  ouimatideum,  optically 
separated  from  \\s  neighbours  by  black  pigment,  and  consisting 
of  an  outer  segment  or  vitreous  hody^  and  an  inner  segment  or 
o^etiiiulit  formed  of  sensor}'^  cells  enclosing  a  rhabdome. 

The  antennules  conUiin  two  sensory  organs,  to  which  are  assigned 
the  functions  of  smell  and  hearing  respectively.  The  olfactoi*y 
organ  is  constituted  by  a  number  of  extremely  delicate  olfactory 
seta:,  borne  on  the  external  flagellum,  and  supplied  by  branches  of 
the  antennularj'  nerve.  The  auditory  m^gan  is  a  sac  formed  by 
invagination  of  the  dorsal  surface  of  the  proximal  segment,  and  is 
in  free  communication  with  the  surrounding  water  by  a  small 
aperture.  The  chitinous  lining  of  the  sac  is  produced  into  delicate 
feathered  atulitory  seim,  supplied  by  branches  of  the  antennulary 
nerve,  and  in  the  water  which  fills  the  sac  are  minute  sand- 
grains,  which  take  the  y)lace  of  otoliths,  but,  instead  of  being 
formed  by  the  animal  itself,  are  tiiken  in  after  each  ecdysis, 
when  the  lining  of  the  sac  is  shed.  Many  of  the  setae  on  the 
body  generally  have  a  definite  nerve-supply,  and  are  probably 
tactile  organs. 

Reproduction. — The  Crayfish  is  dioecious,  and  presents  a  very 
obvious  sexual  dimorphism.  The  abdomen  of  the  female  is  much 
broader  than  that  of  the  male :  the  first  and  second  pleopods  of 
the  male  are  modified  into  tubular  or  rather  spout-like  copulator}* 
organs  (Fig.  297,  9) ;  and  the  reproductive  aperture  is  situated  in 
the  male  on  the  proximal  podomere  of  the  fifth  leg,  in  the  female 
on  that  of  the  third. 

The  testu  (Fig.  407,  B,  t,  tt)  lies  in  the  thorax,  just  beneath  the 
floor  of  the  pericanlial  sinus,  and  consists  of  paired  anterior  lobes 
(t)  and  an  unpaired  posterior  lobe  (u).  From  each  side  goes  oflF  a 
convoluted  vas  defanis  (td),  \vhich  opens  on  the  proximal  segment 
of  the  last  leg.  The  sperms  are  curious  non-motile  bodies  pro- 
duced into  a  number  of  stiff  processes  (Fig.  20,/):  the}'  are 
aggregated  into  vermicelli-like  spcrmato2^hores  by  a  secretion  of  the 
vas  deferens. 

The  ovary  (A,  ov.  u)  is  also  a  three-lobed  body,  and  is  similarly 
situated  to  the  testis :  from  each  side  proceeds  a  thin-walled 
oviduct  {od)y  which  j)asses  downwards,  without  convolutions,  to 
open  on  the  proximal  segment  of  the  third  or  antepenultimate 
leg.     The  eggs  are  of  considerable  size  and  are  centrolecithal. 

As  in  Apus,  both  ovary  and  testis  are  hollow  organs,  discharging 
their  products  internally.  The  ova,  when  laid,  are  fastened  to  the 
setae  on  the  pleopods  of  the  female  by  the  sticky  secretion  of 
glands  occurring  both  on  those  appendages  and  on  the  segments 
themselves :  they  are  fertilised  immediately  after  lapng,  the  male 
depositing  spermatophores  on  the  ventral  surface  of  the  female's 
body  just  before  oviposition. 
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Development. — The  process  oi  gegmcntalion  of  the  oosperw  pre- 
sents certain  Htriking  peculiarities.  The  nucleus  (Fig.  408,  A,  nu) 
divides  repeatedly,  but  no  corresponding  division  of  the  protoplasm 
takes  plao.'.  with  the  result  that  the  morula-stage.  in.stead  of  being 


deforvn>.    (Froiu  tAug'' 


a  heap  of  cells,  is  multinucleate  but  non-cellular.  Soon  the  nuclei 
thus  formed  retreat  from  the  centre  of  the  eunbryo,  and  arrange 
themselves  in  a  single  layer  close  to  the  surface  (B) :  around  each 
of  tliese  protoplasm  accumulates,  the  central  part  of  the  embrj'o 
consisting    entirely  of  yolk-malerinl.     We  thus  gel  a  superjiru'l 


tfffmrntnti<m,  characterised  by  a  central  mass  of  yolk  and  a  super- 
ficial layer  of  cells  collectively  known  as  the  blastmitiiniS^).  Sub- 
sequently the  yolk  itself  undergoes  a  process  of  segmentation, 
becoming  divided  into  radiating  i/M-pi/ramiJs^i/.pX^f^^  with  its 
base  in  conlnet  with  one  of  the  cells  of  the  blastoderm  and  its 
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apex  pointing  to  the  centre  of  the  egg :  before   long,  hnwever, 
these  pyrainias  fuse  into  an  undivided  mass  of  yolk. 

The  first  indicntions  of  the  future  Craj-fish  take  the  form  of 
thickenings  on  what  will  become  the  ventral  surface.  There  are 
at  first  five  of  these  thickenings — two  anterior,  the  ktitd-lohes 
(Fig.  409,  K),  on  which  the  eyes  subsequently  appear ;  two  some- 
what further  back,  the  thmxuAco-abdnminal  rtuHments  {TA):  and 
one,  posterior  and  unpaired,  the  endodtnn-diic  (ES).  On  the  latter 
an  invagination  of  the  blastoderm  takes  place,  giving  rise  to  a 
small  sfia,  the  nrchenteron.  which  communicates  with  the  exterior 
by  an  aperture,  the  hlnstopore.     By  this  process  the  embryo  passes 


I 


into  the  gaatniUi-Blage,  which,  however,  differs  from  the  corre- 
sponding stage  in  the  tyjies  previously  studied  in  the  immense 
quantity  of  food-yolk  flllmg  up  the  space  (blastoccele)  between 
ectoderm  and  endodemi.  Very  soon  the  embrj'o  becomes  tri- 
ploblaatic.  or  three -layered,  by  the  budding  off  of  cells  from  the 
endoderm  in  the  neighbourhood  of  the  bla.stopore  :  these  accumu- 
late between  the  ectoderm  and  endodenu,  and  constitute  the 
mesoderm. 

Before  long  the  blastopore  closes,  converting  the  archenteron 
into  a  shut  sac  (Fig.  411,  .4):  the  thoracico-abdominal  rudiments 
unite  with  one  another,  forming  a  well-marked  oval  elevation 
(Fig.  410,  TA),  and  three  pairs  of  elevations  appear  between  it 
ana  the  head-lobes.  These  are  the  rudiments  of  the  first  three 
pairs  of  appendages,  the  antennules  («i-),  antennfp  (i^.),  and  man- 
dibles  (m.):   by   their   api>eani.nce   the  embryo   i«is.ses   into   the 
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naupliiis-d"y>;  which  in  this  oase  is  passed  through  in  the  egg, 
instead  of  being  active  and  free-swimmiDg  as  in  Apus. 

Between  the  bases  of  the  anteimules  and  antennae  a  pit  appears, 
which  soon  deepens  and  widens:  it  is  the  sto?nod(eum  (Fig.  411. 
siihn.),  and  its  aperture  the  mouth.  A  similar  but  narrower  and 
more  cylindrical  pit  appears  on  the  thoracico-abdominal  rudiment : 
it  is  the  proctodceum  (pcdm.),  and  its  aperture  the  anus.  For  a 
conwiderable  time  both  storaod»um  ana  proctodieum  remain  in 
the  condition  of  blind  sacs,  but  after  a  time  they  open  into  the 
archenteron,  a  complete  enteric  canal  being  thus  constituted.  In 
the  meantime  the  endoderm  cells  lining  the  archenteron  grow 
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outwards  in  a  radial  direction,  ingesting  the  yolk  as  they  do  so, 
until  they  take  the  form  of  long  columns,  in  contact  by  their  outer 
ends  with  the  ectoderm  (Fig.  411,  B). 

The  thoracico-abdominal  rudiment  soon  begins  to  increase 
rapidly  in  length,  but,  being  encloHed  in  the  egg-membianes,  it 
grows  not  backwards  but  forwards,  being  in  fact  folded  upon  the 
anterior  part  of  the  Ixidy  in  much  the  same  wav  as  the  abdomen 
of  the  adult  during  extreme  Hexion.  Thus  in  P*ig.  412  the  ventral 
surface  of  the  head  and  anterior  thoracic  r^on  faces  the  observer, 
but  the  dorsal  surface  of  the  posterior  thoracic  and  abdominal 
regions  :  in  order  to  bring  the  parts  into  their  adult  position,  the 
nbiloiiien  must  be  supposed  to  be  Uftwi  up  and  turned  backwards. 
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In  the  nieantiine  the  post- mandibular  appendagea  are  fonued 
in  regular  nniur  from  before  backwards:  the  eye-stalks  appear 
(Fig.  412,  A),  as  well  as  the  labnim  (I.)  and  a  Told  on  each  side 
of  tho  thorax,  which  is  the  rudinieDt  of  the  carapace  {ts),  and 
gradually  extends  dui-sally  until  it  meets  with  its  fellow  of  the 


.  411.— ttectiona  of  einbi7«  at  AbU 
mobt  dF  Uidradc  a|tpi9iadages  (ff.  Pig. 
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a,  mcflftjenn ;  mai.'apTaojphDlc  layer  of  Tii«iiO 
inodiDua] ;  fA.  u^t.  thonudco^bdoiulaal  nidi 
:he]t  and  Holdor,  tJur  Kclcheubuti.J 


opposite  side  and  covers  in  the  cephalo thorax.  The  embryo  now 
consists  of  a  nearly  globular  cephalothorax  with  a  small  abdomen 
and  a  nearly  complete  set  of  appendages,  all  tucked  in  under  the 
cephalothorax  and  closely  packed  together  within  the  egg-raem- 
braues.     In  this  condition  the  embryo  is  hatched,  and  for  some 
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time  clings  to  tho  pli'opoda  of  the  mother  by  meoiis of  the  [Krculiiiily 
hooked  chelft-  of  its  first  pair  of  logs. 

The  developnii'nt  of  the  principal  internal  organs  must  be 
referred  to  very  briefly.  From  the  ectoderm  arise,  not  only  the 
epidermis  of  the  adult,  but  the  epithelium  of  the  gullet  and 
stomach  and  of  the  large  intestine,  tne  epithelium  of  the  gills,  tho 
oerrous  system,  the  vitreous  cells  aiid  retioutie  of  the  eyes,  and 
the  epithelium  of  the  auditory  sac.  From  the  endoderm  arises 
the  epithetiuni  of  the  small  intestine  and  of  the  digestive  glands. 


guuUan  ;    I.   1 
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the  latter  hoing  formed  as  tubular  branching  outgrowths  of  the 
archenteron.  The  connective-tissuL'S,  the  muscles,  the  vascular 
system,  the  gonads,  and  perhaps  the  kidney.^,  are  all  of  mesodermal 
oVigin. 


2.  Distinctive  Characters  axd  Cl.4ssificatios. 

The  Crustacea  arc  Arthropods  in  which  the  five '  anterior  seg- 
ments are  fuset!  with  the  pn)stomium  to  form  the  head,  while  the 
rest  are  usually  divisible  inttt  two  regions,  the  thorax  and  the 
abdomen.  More  or  fewer  of  the  thoracic  segments  may  be  fused 
with  the  head  to  fonn  a  cephalothorax.  The  head  may  bear  a 
I  Or  tour  if  the  atitpnniilnn,-  rcf^ion  is  vountcil  as  [«rl  of  tlie  proatuiniiini. 
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by  the  valves  at  their  origins,  and  the  pressure  of  UUkkI  in  the 
pericardial  sinus  forces  open  the  valves  of  the  oatia  and  so  tills 
the  heart.  Thus  in  \Trtue  of  the  successive  contractions  of  the 
heart,  and  of  the  disposition  of  the  valves,  the  blood  is  kept  con- 
stantly moinng  in  one  direction — viz.,  from  the  heart  by  the 
arteries  lo  the  various  organs  of  the  body,  where  it  receives  car- 
bonic acid  and  other  waste  matters ;  thence  by  sinuses  into  the 
great  sternal  sinus ;  from  the  sternal  sinus  by  afTercnt  branchial 
veins  to  the  gills,  where  it  exchanges  carbonic  acid  for  oxygen ; 
from  the  gills  by  efferent  branchial  veins  to  the  branchiocardiac 
veins,  thence  into  the  pericardial  sinus,  and  so  to  the  heart  once 
more. 

It  will  be  seen  that  the  circulator)'  system  of  the  Crayfish  con- 
sists of  three  sections — (1)  the  iuui-t  or  organ  of  propulsion:  (2)  a 


ici,  405.— IHignini  uf  IhE  I'iroiilHll'.i)  In  Ihc  CrKyflsb;  hunrl  aud  art 
■initHaconUiiiliiuiHni-itinKKl  blood, blue:  lhn« uudUIoIiik  nCnttid 
*^f.li:\r.  aStrvDt  DnmcMfJ  «eln;  Ar.r.r.  brnnthlo-CArdUc  vain;  </.' 
Tein;  *r.  hHit;  pc-lj.  perianllitl  ilBuii;  i,  ■tnii*:  il.<.  iteniiil  ti 
vulvw ;  rS.  arteTlal  Tulvoi.    The  arrows  .how  tho  dirKJiioii  at  ths  ouit' 
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system  of  out-going  channels,  the  arteries,  which  carry  the  blood 
from  the  heart  to  the  body  generally ;  and  (3)  a  system  of  return- 
ing channels,  some  of  them,  the  stnusea.  mere  irregular  cavities ; 
others,  the  veins,  with  definite  walls,  which  return  it  from  the 
various  organs  back  to  the  heart.  The  respiratory  organs,  it 
should  be  observed,  are  interposed  in  the  returning  current,  so 
that  bl(«Mi  is  taken  both  to  and  from  the  gills  by  veins. 

Comparing  the  blood-vessels  of  Astacus  with  those  of  a 
Chffitopod,  it  would  seem  that  the  ophthalmic  arteiy.  heart,  and 
dorsal  abdominal  artery  together  answer  to  a  dorsal  vessel,  part 
of  which  has  become  enlarged  and  muscular,  and  discharges  the 
whole  function  of  propelling  the  blood.  The  horizontal  portion  of 
the  sternal  artery,  together  with  the  ventral  abdominal,  represent 
a  ventral  vessel,  while  the  vertical  jwrtion  of  the  sterna!  arterj'  is 
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a  commissure,  developed  sometimes  on  the  right,  sometimes  on 
the  left  side,  its  fellow  being  suppressed. 

The  blood  when  first  drawn  is  colourless,  but  after  exposure  to 
the  air  takes  on  a  bluish-gray  tint.  This  is  owing  to  the  presence 
of  a  colouring  matter  called  hainoq/anin, 
which  becomes  blue  when  combined  with 
oxygen ;  it  is  a  respiratory  pigment,  and 
serves,  like  haemoglobin,  as  a  carrier  of 
oxygen  from  the  external  medium  to  the 
tissues.  The  hsemocyanin  is  contained  in 
the  plasma  of  the  blood:  the  corpuscle's 
are  all  colourless  leucocytes. 

The  nervous  system  (Fig.  406)  con- 
sists, like  that  of  Apus,  of  a  brain  {g)  and 
a  ventral  nerve-cord,  united  by  oesophageal 
connectives  (sc).  But  the  right  and  left 
halves  of  the  ventral  cord  have  undergone 
partial  fusion,  so  that  the  ganglia,  and  in 
the  abdomen  the  connectives  also,  appear 
single  instead  of  double.  Moreover,  the 
brain  supplies  not  only  the  eyes  and  anten- 
nules,  but  the  antennae  as  well,  and  it  is 
found  by  development  that  the  two  pairs 
of  ganglia  belonging  to  the  antennulary 
and  antennary  segments  have  fused  with 
the  brain  proper.  Hence  we  have  to  dis- 
tinguish between  a  primary  brain  or  archU 
cerebrum,  the  ganglion  of  the  prostomium, 
and  a  secondary  brain  or  syn-ccrehrum 
formed  by  the  union  of  one  or  more  pairs 
of  ganglia  of  the  ventral  cord  with  the 
archi-cerebrum.  A  further  case  of  con- 
crescence of  ganglia  is  seen  in  the  ventral 
nerve-cord,  where  the  ganglia  of  the  liust 
three  cephalic  and  first  three  thoracic  seg- 
ments have  united  to  form  a  large  com- 
pound suh-cesophageal  ganglion  (bg).  All 
the  remaining  segments  have  their  own 
ganglia,  with  the  exception  of  the  telson, 
which  is  supplied  from  the  ganglion  of  the 
preceding  segment.  There  is  a  visceral 
mjstem  of  nerves  (s)  supplying  the  stomach, 
originating  in  part  from  the  brain  and  in  part  from  the  oeso- 
phageal connectives. 

Sensory  Organs. — The  eyes  have  the  same  essential  structure 
as  the  compound  eye  of  Apus.  The  chitinous  cuticle  covering 
the  distal  end  of  the  eye-stalk  is  transparent,  divided  by  delicate 
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Fn>.  40rt,— Nervous  svstcm  of 
Astacus    flaTiatllis. 

&f/.  sub-oMophaKval  gnug'- 
liou ;  fxf.  cuiniuiAHural 
ganglion ;  f/,  brain  ;  *,  vin- 
ccnu  nerve ;  *r,  cesopha- 
goal  connective ;  .»/,  iH>8t- 
(Miophagoal  comiuiMtiro ; 
IV — VIII,  thoracic  gang- 
lia ;  1 — ft,  abdominal  gang- 
lia, (I-Vom  Lang's  Com- 
iMtintit-t  At\ntinn>i,  jiftcr 
Vogt  and  Yung.) 
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Order  3. — Copepoda. 

Entomostraca,  mostly  of  small  size,  having  an  elongated  body 
distinctly  segmented  except  iu  certain  parasitic  forms.  The 
carapace  may  extend  over  the  first  thoracic  segment.  The  thorax 
bears,  in  the  free  forms,  four  or  five  pairs  of  biramous  appendages : 
the  abdomen  is  limbless.  Many  species  are  parasitic,  and  show 
various  stages  of  degeneration  of  structure. 

Sub-Order  a, — Eucopejyoda, 

Free  or  ectoparasitic  Copepoda  having  biramous  swimming-feet 
and  biting  jaws,  or,  in  the  case  of  parasitic  forms,  a  more  or  less 
degenerate  structure,  and  jaws  often  adapted  for  sucking.  The  eggs 
undergo  development  in  paired  brood-pouches  attached  at  the  base 
of  the  abdomen. 

In  this  group  are  included  (a)  free-swimming  forms,  such  as 
Cyclops  (Water-flea),  and  (/9)  parasitic  forms,  or  Fish-lice — t\n. 
Ergasilus,  Chondracanthus,  Leimcea  (Figs.  416  and  417). 

Stcb'Order  b. — Branchmra. 

Ectoparasitic  Copepoda  having  compound  eyes  and  a  suctorial 
mouth.  The  second  maxillae  form  sucking-discs  for  attachment  to 
the  host.  The  whole  body  is  strongly  depressed,  and  there  are  no 
brood-sacs. 

Including  the  carp-lice,  Argulus  (Fig.  418). 

Order  4. — Cirripedia. 

Imperfectly  segmented  marine  Entomostraca,  often  of  con- 
siderable size,  and  either  fixed  during  adult  life  or  parasitic. 
The  sexes  are  united,  and  the  sperms  are  motile. 

Sub-order  a. — Eucirripcdia. 

Fixed  or  parasitic  Cirripedia  in  which  the  body  is  usually 
enclosed  in  a  fold  of  skin,  strengthened  by  calcareous  plates.  The 
abdomen  is  rudimentary.  There  are  usually  six  pairs  of  biramous 
appendages. 

This  group  includes  (a)  fixed  forms,  such  as  Lepas  (Barnacle) 
and  Balanus  (Acorn-shell),  and  {fi)  parasites — e.g.  Fctrarca,  Al- 
cippe,  Proteolepas  (Figs.  419  and  420). 

Sub-order  b. — Rhizocephala. 

Parasitic  Cirripedia  in  which  the  body  has  undergone  extreme 
degeneration,  having  no  trace  of  segmentation  or  of  appendages  in 
the  adult  condition.  The  juices  of  the  host  are  absorbed  through 
long  root-like  processes. 

Including  Sacculina  and  Feltogaster  (Fig.  421). 
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Sub-Class  II. — Malaoostraoa. 

Highly-organised  Crustacea,  usually  of  considerable  size,  and 
having,  except  in  one  order,  a  thorax  of  eight,  and  an  abdomen  of 
seven  segments.  The  appendages  are  usually  highly  diflferentiated. 
As  a  rule  the  mesenteron  forms  only  a  small  portion  of  the  adult 
enteric  canal,  and  there  is  a  gastric  mill.  The  renal  organs  are 
antennary  glands.  The  nauplius  stage  is  usually  passed  through 
in  the  egg,  but  there  is  a  more  or  less  complex  metamorphosis. 

Order  1. — Phyllocarida. 

Small  Malacostraca  approaching  the  Entomostraca  in  structure. 
The  body  is  enclosed  in  a  large  bivalved  cephalic  campace.  The 
thoracic  feet  are  leaf-like,  the  abdominal  feet  biramous.  The 
abdomen  has  eight  segments  and  a  pair  of  caudal  styles. 

The  principal  genus  is  Nchalia  (Fig.  422). 

Order  2. — Schizopoda. 

Small  shrimp-like  Malacostraca  having  the  thorax  more  or  less 
completely  covered  by  a  soft  carapace.  The  thoracic  appendages 
are  all  biramous.     The  eyes  are  stalked. 

Including  Mysis  (Opossum-shrimp),  Euphausia,  &c.  (Fig.  423). 

Order  3. — Decapoda. 

Malacostraca  in  which  all  the  thoracic  segments  are  united  with 
the  head  to  form  a  cephalothorax  usually  covered  by  a  carapace. 
The  three  anterior  pairs  of  thoracic  limbs  are  biramous  foot-jaws, 
the  posterior  five  pairs  are  walking  legs  devoid  of  exopodites.  The 
third  maxillipedes  are  leg-like.  The  eyes  are  stiilked,  the  gills 
thoracic. 

Sub-order  a. — Macru ra. 

The  abdomen  is  usually  larger  than  the  cephalothorax,  and  is 
commonly  held  in  an  extended  position.  Theie  is  usually  a  distinct 
rostrum.  The  eyes  are  not  enclosed  in  orbits.  The  antennules  and 
antennae  are  large,  the  antennules  are  not  sunk  in  pits,  and  the 
antennse  have  an  exopodite  or  squame. 

Including  (a)  swimming  fonns — PcnaKH  and  Palamon  (Pmwns), 
Crangan  (Shrimp),  Lucifer,  &c. ;  ()8)  creeping  fonns — Homai-us 
(Lobster),  Astacm,  Astacoidcs,  Pa rmicphnps  (Fresh-water  Cray- 
fishes), Palinnms  (Rock-lobster),  Sci/llftrus,  &c.  ;  (7)  anomalous 
forms,  approaching  the  Brachyura — Pagurua  (Hennit-crab),  Birgus 
(Cocoa-nut  crab)  Hij^jxt,  &c.  (Figs.  424 — 426). 

Sub-order  b. — Brachf/ura. 

The  abdomen  is  shorter  than  the  cephalothorax  and  is  per- 
manently Hexed  under  it.  The  eyes  are  enclosed  in  orbits  or 
tubular  cavities  of  the  carapace.     The  antennules  and  antennae  are 
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small :  the  bases  of  the  antennules  are  sunk  in  pits  of  the  carapace, 
and  the  antenna  has  no  exopodite.  The  third  maxillipedes  are 
flattened  and  valve-like. 

Including  the  true  crabs,  such  as  Cancer,  Maia,  Di'omia,  &c. 
(Figs.  427  and  428). 

Order  4. — Stomatopoda. 

Thoracostraca  of  considerable  size  in  which  the  three  posterior 
thoracic  segments  are  not  covered  by  the  carapace.  The  abdomen 
is  very  large.  The  five  anterior  thoracic  limbs  are  maxillipedes, 
and  the  second  of  them  is  very  large  and  forms  a  defensive  weapon : 
the  last  three  are  small  biramous  legs.  The  gills  are  borne  on  the 
abdominal  segments.     The  eyes  are  stalked. 

Including  Squilla  and  Gonodactylus  (Fig.  429). 

Order  5. — Cumacea. 

Small  shrimp-like  Malacostraca  having  the  first  three  or  four 
thoracic  segments  fused  with  the  head,  the  rest  free.  The  two 
first  jmirs  of  thoracic  appendages  are  maxillipedes,  the  remaining 
six  legs  ;  some  of  the  latter  are  biramous.     The  eyes  are  sessile. 

Including  Cuma,  Dia^ylis,  &c.  (Fig.  430). 

Order  6. — Arthrostraca. 

Malacostraca  in  which  the  first,  sometimes  also  the  second, 
thoracic  segment  is  fused  with  the  head  and  bears  maxillipedes  : 
the  remaining  seven  are  free  and  bear  legs.  The  eyes  are  usually 
sessile. 

Suh'Cn'der  a. — Amphipoda. 

Arthrostraca  in  which  the  body  is  usually  compressed  or  flattened 
from  side  to  side.  The  gills  are  borne  on  the  thoracic  ap- 
pendages. 

Including  Gammaru^  (Fresh-water  shrimp),  Orchestia  (Sand- 
hopper),  Phroiiima,  Caprella,  Cyamus  (Whale-louse),  &c.  (Figs.  431 
and  433). 

ISub-07*der  b. — Isopoda, 

Arthrostraca  in  which  the  body  is  usually  depressed  or  flattened 
from  above  downwards.  The  gills  are  borne  on  the  abdominal 
appendages. 

Includmg  (a)  free  forms — Asellus,  Oni^cus  (Wood-louse),  Annn- 
dillo  (Pill-bug) ;  (/9)  parasitic  forms — Cymothoe,  Bcpynis,  &c.  (Figs. 
432  and  434). 

Systematic  Position  of  the  Examples, 

The  genera  Aims  and  Zepidwnis  belong  to  the  family  Apodida\ 
sub-order  Euphyllopoda,  order  Phyllopoda,  and  sub-class  Entomo- 
straca. 
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The  indefinite  number  of  segments,  varying  considerably  in  the 
species  of  both  genera,  and  the  presence  of  a  shell-gland  place  them 
among  the  Entomostraca. 

The  leaf-like  character  of  the  swimming-feet  is  alone  sufficient 
to  assign  them  to  the  Phyllopoda,  and  the  large  number  (consider- 
ably more  than  ten)  of  segments  and  swimming-feet  decides  their 
position  among  the  Euphyllopoda. 

They  are  placed  in  the  family  Apodidse  in  virtue  of  the  elongated 
body  with  40-60  pairs  of  swimming-feet,  diminishing  in  size  from 
before  backwards,  and  showing  considerable  differentiation  ;  and  of 
the  elongated  heart  reaching  to  the  twelfth  post-cephalic  segment. 

Apus  is  distinguished  by  the  absence  of  a  post-anal  plate,  and 
by  elongated  flagella  (endites)  to  the  first  pair  of  thoracic  feet :  in 
Lepidurus  the  post-anal  plate  is  present,  and  the  flagella  of  the  first 
thoracic  feet  are  short. 

Astacus  fluviatUis  is  one  of  several  species  of  the  genjiis  Astacns, 
belonging  to  the  family  Potamobiulcv,  tribe  Astacoidca,  sub-order 
MacinLra,  order  Decapala^  and  sub-class  MaUicostraca. 

The  possession  of  twenty-one  segments — i.e.  a  prostomium,  nine- 
teen metameres,  and  a  telson — places  it  among  the  Malacostraca : 
the  presence  of  five  pairs  of  thoracic  legs  without  exopodites,  and 
of  thoracic  gills,  among  the  Decapoda. 

The  possession  of  a  squame  to  the  antenna,  and  of  legs  having  all 
seven  podomeres  distinct — the  first  three  pairs  chelate,  and  the  first 
pair  greatly  enlarged — determine  its  position  in  the  tribe  Astacoidea, 
whicn  includes  all  the  fresh-water  Crayfishes  and  the  tnie  Lobsters. 
The  family  Pot^mobiidae  is  distinguished  by  having  the  podo- 
branchise  partly  united  to  the  epipodites,  and  by  having  append- 
ages on  tne  first  abdominal  segment  of  the  male,  and  usually 
on  that  of  the  female. 

3.  General  Orgaxisatiox. 

There  is  no  class  in  the  animal  kingdom  which  presents  so  wide 
a  range  of  organisation  as  the  Crustacea,  or  in  which  the  devi- 
ations in  structure  from  the  "  tj-pe-form  "  are  so  striking  and  so 
interesting  from  their  obvious  adaptation  to  the  mode  of  life. 

The  most  interesting  modifications  are  those  connected  with 
the  external  characters  and  the  structure  of  the  append- 
ages. As  we  have  seen,  the  body  consists  of  a  prostomium,  a 
variable  number  of  metameres,  and  an  anal  segment.  The  first 
five  metameres — or  four  if  the  antennulary  region  is  not  reckoned 
as  a  metamere — fuse  with  the  prostomium  to  fonn  a  head,  which, 
as  well  as  the  anal  segment,  is  homologous  throughout  the  class. 
On  the  other  hand,  there  is  no  strict  homology  between  the 
various  post-cephalic  metameres  in  different  forms  until  we  come 
to  the  Malacostraca,  in  which  their  number  is  constant. 
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Thero  ia  coiisiilLTabIt'  divfreity  of  form  among  the  EiqihyUopmlu. 
Apus  Ims  alroady  been  described.  Bi'anchipus  (Fig.  -ilS,  1)  and 
Artcmia  (the  Brine-shrimp),  are  small  shnmp-like  forms,  the 
former  living  in  fresh-water  lakes,  the  latter  in  brine-pools;  they 
have  no  carapace,  and  the  eyes  are  raised  on  unjointed  stalks.  In 
Liranetis  (2),  on  the  other  hand,  the  campace  is  large  enough  to 
cover  the  whole  body,  and  in  Estheria  (3)  it  takes  the  form  of  a 
thell,  formed  of  two  parts  or  ralres,  united  by  a  hinge,  and  resem- 
bling the  shell  of  a  cockle  or  other  hivalved  mollusc.     The  limbs 


,anU 


have  the  same  general  structure  as  those  of  Apus,  but  the 
ant«nnie  are  often  of  considerable  size,  and  are  sometimes  modified 
into  prehensile  organs. 

In  the  Chdtxcra,  of  which  the  common  fresh-water  Daphnia 
(Fig.  414,  1)  18  a  good  example,  thcTe  is  a  great  reduction  in  size 
(1-2  mm.),  and  a  corresponding  shortening  of  the  body,  by  a 
reduction  in  the  number  of  metameres.  Segmentation  is  verj" 
imperfect,  and  the  whole  body  is  covered  by  a  large  folded 
carapace.  The  abdomen  is  turned  downwards  and  is  in  constant 
movement,  sweeping  out  any  foreign  particles  which  may  have 
made  thi'ir  way  among  the  feet.     Between  the  abtlomen  of  the 
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female  and  the  posterior  part  of  the  carapace  is  a  large  brood- 
IKnich  (br.p),  in  which  the  eggs  are  stored.  The  paired  eyes 
{£)  have  fused  into  a  single  organ,  which  exhibits  a  constant 
trembling  movement.  The  antennules  {anl.I)  are  small,  the 
antenna'  (ant.2)  very  large,  biramows,  and  constitute  the  chief 
organs  of  locomotion.  The  mandibles  are  large,  the  second 
maxitlffi  absent  in  the  adult,  and  there  are  five  pairs  of  leaf-like 
swimming-feet  (/)  on  the  thorax.  The  abdomen  is  devoid  of 
appendages.      Many   of    the   Cladocera   have   an   extraordinarily 


grotesque  form  (2,  3),  owing  to  the  peculiar  shape  of  the  head,  the 
immeme  antenna',  and  the  great  hunip-liko  broinl-pouch. 

The  Ostrncotla  are  usually  not  more  than  1-2  mm.  in  length, 
and  are  found  both  in  fresh  and  sea-water.  One  of  the  ci)mmonest 
genera  is  Ci/pris,  which  occurs  in  immense  numbers  in  stagnant 
pools.     Cj/thcrf  is  a  common  marine  fonti. 

The  body  (Fig.  41 5)  is  unsegmcnte<l,  and  is  pomplotely  enclosed 
in  a  carajmce  (A),  the  right  and  left  halves  of  which  are  articu- 
lated together  along  the  dorsal  e<lge  so  as  to  form  a  bivalved  shell 
(C),  which  may   be    variously  omanientiil    or   sculptured.      The 
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valvoN  are  opened  by  the  elasticity  of  a  ligament,  which  passes 
fnim  one  to  another  at  the  hinge,  and  are  closed  by  a  large 
attthtctor  muxle  (m.),  which  passes  transversely  from  valve  to  valve, 
its  insertions  giving  rise  to  markings  on  the  shell  (A,  in.),  often 
of  systematic  value. 

At  the  anterior  end  is  a  median  eye  (e),  and  in  some  forms 
compotmd  eyes  are  present  as  well.  There  are  only  seven  pairs 
of  appendages.  The  antennules  (anlJ)  and  antennw  {nnt.H)  aro 
large  and  uniranioiis.  The  mandible  (wwi.)  has  a  large  leg-like  palp 
anil  a  Habcltum-likc  offshoot.  The  first  maxilla  (mx.l)  also  bears 
a  large  plate  resembling  a  flabellum  of  Apus.    The  last  cephalic 


appendage  (second  maxilla,  t/ix.J)  is  jaw-like  in  some  forms 
{Vi/jins)  leg-like  in  others  ( Cythere).  The  only  thoracic  ajijK'ndages 
arc  two  pairs  of  slender  legs  ( /.),  /,~).  The  abdoint-n  {ahd.)  is 
devoid  of  appendages,  and  is  tenninated  by  strong  setje. 

The  diversity  of  form  among  the  Copepoda  is  so  gieat  that  it 
will  be  advisable  to  consider  separately  the  free-swimming 
Eucopepoda,  the  parasitic  Eucopepoda,  an(i  the  Branchiiira. 

The  frce-smmming  Eucoptpoda  are  well  representwl  by  the 
common  water-Hea  \Ctfclops),  found  everywhere  in  fresh  and 
brackish  water,  and  easily  recognisable,  in  spite  of  its  minute 
size,  by  its  elongated  form,  its  rapid,  jerky  movements,  and  by  the 
egg-sacs  of  the  female. 
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Oyclops  (Fig.  416, 1)  has  been  compared  in  form  to  a  split  pear, 
the  bimd  end  being  anterior,  and  the  convex  surface  dorsal. 
The   first   thoracic  segment  is   fused   with   the    head,   and    the 


cephalo-thonix  (c.lh.)  thus  formed  ia  covered  with  a  cam|)ace  pro- 
duced in  front  into  a  short  spine  or  rosfrum  (r),  near  the  Imiso 
of  which,  on  the  dorsid  snriiice,  in  the  median  eve  (e).  There  are 
five  free  thoracic  segments:  the  last  {ih.  0)  boars  the  genital 
VOL.  I  M   M 
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aperture,  and  is  fused  in  the  female  with  the  first  abdominal 
(abd.  1).  There  are  four  abdominal  segments:  the  last  bears  the 
dorsal  anus  (an),  and  a  pair  of  caudal  styles  produced  into  plumed 
setae. 

The  antennules  (ant.  1)  are  very  large,  and  are  the  principal 
organs  of  locomotion.  In  the  male  they  are  modified  (C),  by  a 
peculiar  form  of  joint  and  long  setae,  as  clasping  organs,  used 
for  holding  the  female  during  copulation.  The  antennae  (ant.  2) 
are  comparatively  short  and  uniramous.  Mandibles  and  maxillae 
are  present,  and  the  first  four  thoracic  appendages  bear  biramous 
swimming-feet  (s./,  a),  those  of  the  right  and  left  sides  being 
connected  by  transverse  plates  or  couplers  The  fifth  thoracic 
segment  bears  a  pair  of  vestigial  limbs :  the  abdominal  segments 
are  limbless. 

Some  of  the  pelagic  marine  Eucopepoda  (Fig.  416,  2)  are  re- 
markable for  their  brilliant  colours,  and  for  the  extraordinary 
development  of  their  setae,  especially  those  of  the  caudal 
styles. 

The  parasitic  Eucopepoda,  or  Fish-lice,  present  a  very  interesting 
series  of  modifications,  illustrating  the  degeneration  of  structure 
which  so  often  accompanies  parasitism.  Ergasihcs  (Fig.  417, 1)  is 
found  on  the  gills  of  the  Bass  (Morone  lahrax) ;  it  is  readily  recog- 
nisable as  a  Copepod,  but  the  appendages  are  greatly  reduced,  the 
antennae  modified  into  hooks  for  nolding  on  to  the  host,  and  the  eyes 
absent.  Anthosoina  (^),  found  in  the  mouth  of  the  Porbeagle  Shark 
(Lamna  comuhica),  has  recognisable  appendages,  but  the  form  of 
the  body  is  much  modified  by  the  development  of  curious  overlap- 
ping lobes.  Nicothoc  (&),  found  on  the  gills  of  the  Lobster,  has 
antennae  and  mouth-parts  modified  for  suction :  the  abdomen  is 
normal,  but  the  thorax  is  produced  into  huge  lobes,  which  give 
it  a  curiously  deformed  appearance.  In  ChoTulracanthus  (^),  the 
various  species  of  which  are  parasites  on  the  gills  of  Bony  Fishes, 
there  is,  at  the  first  glance,  nothing  to  suggest  that  the  animal 
is  a  Crustacean,  except  the  characteristic  copepod  egg-sacs :  the 
body  is  depressed,  unsegmented,  and  produced  into  crinkled  lobes, 
and  it  requires  careful  examination  to  discover  that  antennules, 
hooked  antennae  (ant,2) — used  for  attachment — mandibles,  maxillae, 
and  two  pairs  of  legs  (f.l,  f.2)  are  present.  The  male  (b)  is  of 
higher  organisation  than  the  female,  but  of  minute  size — about  -^ 
the  length  of  its  mate — and  is  permanently  attached  to  her  body, 
close  to  the  genital  aperture  (a,  ilf).  In  Lenicea  (7)  and  its  allies 
the  body  is  vermiform  with  a  curiously  lobed  anterior  end :  the 
maxillae  are  adapted  for  piercing  the  skin  of  the  host  and  sucking 
its  juices,  and  there  are  minute  vestiges  of  feet.  In  Lcstcira  (5) 
the  degradation  is  even  more  marked  :  the  female  reaches  a  large 
size — 70  mm.  in  length,  excluding  the  egg-sacs — and  is  found 
with   the  swollen   head  between  the    skin   and   flesh   of  a   fish 
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iGtnypttrv*  UacodtA.  and   the  rest  of  the  body  hanging  Irwly 
inlo  the  water.     Lastly,  in  TrafJitUnttfS  (6t  the  second  inaxiUft> 


S.Lasreird  6 

i;.— Vuioiu  taiaa  of  iniwlllc  >neop«pOd*.    -i 


{inxJi)  arc  greatly  enlarged,  and  form  ii  chamcWrislic  urgim  i.f 
attachment. 
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jK'rmiiiieiilly  attntlieil  like  the  ilegeTierSVK  ftimiB  just  iltiBeril*il,  but  crawling 
fredy  uver  tbe  surfai^u  »f  tlm  liual.  Thu  bo<lj  uoneielB  of  nn  uval  Untteued 
' oeplutlo- thorax,  ami  a  small  hiloboil  alxlomen  {ali.).  1'he  maniiilileH  anil  maxille 
are  piercing  organs  encloseil  in  a  suuking-tube  or  prolinociH  (r. ).  in  front  of  which 
ie  a  median  tube  ending  in  a  epine  tut),  The  seuond  maxilla.'  ore  dividral  into 
two  portions,  the  anterior  of  wliidi  iW.l\  ui-e  nimlifitd  into  ain'ting-dlBCB,  by 


,  young  malD.    au  uitonaidD:   oi,  Hntunoii;   aft.  ibikmciL; 

^j— /i|.  tbuntdc foflt ;  iL  diAaUva  glHiids vobUKliid  with  luteatiiiD^  ^J, AiitetliLr or bucEdtUJ 
'act;  ^, poiitcrior  or  log'llko  portion  of  fvcoiul maiiUn ;  pri. paired  oyo  ;  r.  mtnim ;  jt/,  AhcU- 
-'— ->  -  T(.  atykt :  It.  twtli  -.  uu,  iiiudiaD  eye.    (From  Lang's  CampaniUrt  Analomii.) 


The  most  familiar  examples  of  the  Hucirripetlifi  are  the  Barnacles 
found  on  ships'  bottoms,  piles,  &c.,  ond  the  Acom-shells  or  Sessile 
BiUTiaclcs  which  occur  in  immense  numbers  on  rocks  biitwcen  tide- 
marks  ill  all  parts  of  the  world. 

The  common  Bamacld  (Le-pae  mutlifera)  is  attached  by  a  long 
stalk  or  peduncle  (Fig.  419,  A,  j>),  covered  with  a  wrinkled  skin,  and 
beiiring  at  its  distal  end  the  body  proper  enclosed  in  a  sort  of 
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bivalved  carapace,  formed  by  a  fold  of  the  akin,  and  strengthened 
by  five  calcareous  plates.  Of  these  one  is  median  and  doi-sal,  and 
is  called  the  carina  (c) ;  two  are  lateral  and  proximal,  the  acuta  (a); 
and  two  lateral  and  distal,  the  terga  {t).  During  life  the  carapace 
is  partly  open,  and  from  the  ventrally  placed  aperture  delicate 
setose  ^laments  are  protruded  and  keep  up  a  constant  grasping 
movement :  these  are  the  endo-  and  exopodites  of  the  biramous 
thoracic  feet,  of  which  there  are  six  pairs.  Removal  of  the  carapace 
shows  the  feet  to  be  attached  to  a  vermiform  unsegmented  body 


(B),  attached  on  the  ventral  a.«;pect  to  the  stalk  and  carapace  by 
its  anterior  end,  while  its  posterior  end  is  free  and  tenninates  in 
a  long  filament,  the  |K.'nis  ( jj),  ininiediately  iliii>:il  to  which  is  the 
anus.  The  mouth  is  ventral  and  anterior,  and  is  pmvidwl  with  a 
pair  of  mandibk's  and  twf>  paii^  of  maxilla'.  Thert-  are  no 
antennic  :  at  first  sight  the  antennules  apiR'ar  to  be  absent,  but  a 
careful  e.xainination  shows  the  pri'stnce  of  a  [tair  of  minute 
structures  (n')  on  the  proximal  or  attached  surface  of  the  stalk, 
and  emlxKlded  in  the  cement  by  which  the  animal  is  lixi.'d  to  its 
support:  these  are  the  antennules,  and  their  pi>sition  rilatively  to 
the  mandibles  .-ihows  that  the  stalk  is  formal  oy  an  elongation  of 
the  anterior  region  of  the  head. 
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The  Si'-ssile  Barnacles  or  Acorn-shellB  (Unlanus)  have  no  stalk 
{Fig.  420),  the  head-region  being  short  nnd  broad.  The  scuta  (s) 
and  terga  (()  support  a  valvular  carapace,  through  the  opening  of 
which  tne  feet  are  protruded,  and  the  whole  animal  is  surrounded 
by  a  sort  of  parapet  (sk)  fonued  of  six  calcareous  pieces.  One  of 
these,  dorsal  in  pjsition,  is  the  carina,  the  others  appear  to  be 
represented  by  small  ossicles  developed  on  the  jjeduncle  of  certain 
stalked  fomia  such  as  PdlicijKs. 

Many  of  the  Eucirripedia  are  parasitic.  Some  of  these  {Petrarca, 
&c),  parasitic  in  Actinozoa,  resemble  the  attached  forma  in 
essential  respects :  others  (Alcippe).  parasitic  in  the  shells  of 
Molluscs  ana  Cirripedes,  have  abdominal   but  no    thoracic    feet. 


Froteolcpaa,  also  parasitic  on  other  Cirripedes,  has  a  maggot-like. 
se^ented,  limbless  body,  and  a  suctorial  mouth. 

The  Piiizoajykala  are  represented  by  SacmiHwt  (Fig.  421 ), parasitic 
on  Crabs,  and  Peltogaster  on  Hermit-Crabs.  Both  genera  have  the 
appearance  of  an  immense  tumour  {ks)  on  the  abdomen  of  the  host, 
showing  no  sign  of  segmentation,  no  appendages,  no  mouth  or 
anus.  From  the  attached  end  go  off  a  number  of  d3licate  root- 
like filaments,  which  extend  through  the  body  of  the  host  and 
absorb  nutriment.  Obviously  degeneration  is  here  as  complete  as 
it  can  well  be,  and  nothing  but  trie  developmental  historj-  of  the 
parasite  (p.  553)  would  justify  its  inclusion  among  the  Crustacea. 

The  most  striking  general  character  in  the  external  features  of 
the  Mttliicoslrain  is  the  limit-ation  in  the  number  of  segments,   The 
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head  has  the  same  composition  as  in  the  Entomostraca,  but  the 
thorax  ia  invariably  formed  of  eight  segments,  and,  except  in  the 
Fhyllocarida,  the  abdomen  of  six  ordinary  segments  and  a  telson. 


lo.  421.— BaGcvUnl  ci 

m^oil  ;    i\  lutnlltiAl  Kg1< 


imii,  after  Lii;lii){c.) 


The  limbs  arc  strikingly  modified   for  the  pcrfi 
functions. 


The  PhifUocarida  are  interesting  from  the  fact  that  they  arc 
annectent  or  linking  forms  between  the  Phyllopoda  and  the 
Copepoda  on  the  one  hand,  and  the  higher  Crustacea,  particularly 
the  Schizopoda  and  Decapodii,  on  the  other.  The  order  contains 
only  three  genera,  the  conniionest  of  which,  Xehaliu  (Fig.  422), 
is  a  little  shrimp-like  marine  Crustacean  about  6-8  mm,  in 
length.  The  body  is  divisible  into  head,  thorax,  and  abdomen, 
all  haring  the  nonnal  malacostracan  number  of  .'Jegment-i,  ex- 
cept the  abdomen,  which  is  formed  of  eight  segments,  the 
last  bearing  caudal  styles— stnicturcs  not  found  elsewhere  in 
the  sub-class.  There  is  a  bivalvwl  cephalic  camitace  (s),  closed 
by  an  adductor  muscle  (sm),  and  extending  backwards  to  the 
fourth  abdominal  segment :  it  is  terminated  in  frent  by  a 
movable  rostrum  (»•). 
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The  eyes  (a)  are  large,  compound,  and  raised  on  movably  articu- 
lated stalks.  The  antciinules  (a,)  and  antennre  (flj)  are  large,  the 
mandibles  (md.)  have  palps 
(m(),  and  the  exopodite  of 
the  second  maxilla  (meet) 
has  the  form  of  a  slender 
filament  which  acts  as  a 
"  cleaning-foot  "  to  keep  the 
cavity  of  the  carapace  free 
from  foreign  bodies.  There 
are  eight  thoracic  append- 
ages (brf).  ail  of  them  leaf- 
like, and  recalling  those  of 
Apus.  The  first  four  abdo- 
minal appendages  (jj/ — p4) 
are  large  biramous  swim- 
ming-feet, like  those  of 
Copepods ;  the  fifth  and 
sixth  (p5,  p6)  are  small 
and  uniramous. 


The  Schiz<qioda  (Fig.  423) 
are  small  transparent, 
shrimp-like  forms,  mostly 
from  2-6  mm.  in  length. 
They  agree  with  the  Ci-ajlish 
in  the  general  form  of  the 
body,  in  the  imion  of  the 
head  and  thorax,  \a  the 
presence  (except  in  Ana- 
spides)  of  a  carapace — which 
may,  however,  leave  some  of 
the  posterior  thoracic  seg- 
ments uncovei-ed — and  in  the 
number  both  of  segments 
and  appendages,  but  present 
several  interesting  charac- 
ters indicating  a  lower  grade 
of  organisation.  One  of  the 
most  notable  of  these  is  the 
absence  of  differentiation  in 
the  thoracic  appendages, 
which  have  a  leg-like  and 
not  a  leaf-like  form,  but 
which  are  all  alike,  none  of 
them  being  modified  into  maxilHpedes,  except  to  a  very  slight 
degree  in  some  forms.     Moreover  the  legs  all  pos-iess  exopoditea 
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(ex),  thus  retaining  the  primitive  biramous  or  "split-footed" 
fomi  which  is  lost  in  the  Decapoda.  The  first  five  pleopoda 
are  large  in  the  male,  small  in  the  female :  the  sixth  is  n  iirupod. 


i.e.,  assists  the  telson  in  the  formation  of  the  characteristic 
malacoatracan  tail-fin :  there  is  no  trace  of  the  entoraostracan 
caudal  styles. 

Amongst  the  Decapoda  are  included  nearly  all  the  largest  and 
most  familiar  Crustacea — the  Prawns  and  Shrimps,  Lobsters,  Cray- 
fishes, and  Crabs.  The  cophalo-thorax  is  always  completely  covered 
by  the  carapace.  The  three  antt-riiir  pairs  of  thoracic  appendages 
are  modified  into  maxillipcdcs,  which  retain  the  original  biramous 
character,  but  the  five  posterior  pairs  are  enlarged,  and  form  legs, 
which  are  always — except  as  an  individual  variation — devoid  of 
exopodites  in  the  adult. 

In  the  Prawns  (Fig.  424.  /)  the  botiy  is  compressed,  and  the  exo- 
skeleton  is  not  calcified.  The  abdomen  is  verj-  large  in  proportion 
to  the  cephalo-thomx.  and  has  a  peculiar  bend  close  to  its  junction 
with  the  thorax.  The  legs  are  very  slender,  used  for  swimming,  not 
walking ;  and  sometimes  one  pair,  sometimes  another,  is  enlarged 
to  fonii  the  chelipeds.  The  rostrum  is  largo — sometimes  longer 
than  the  rest  of  the  canipacc — and  Itoth  eye-stalks,  antennap,  and 
legs  ma>-  attain  extraordinary  dimensions. 

The  Lobstei-s  and  frosh-water  Crayfi.ihes  agree  with  Aslacus  in 
all  essential  details,  but  the  sea  Crayfishes  (i''(//?n(  rits)  present  some 
striking  modifications.  There  are  no  chela',  the  legs  all  ending  in 
simple  claws:  the  antenme  are  of  iuunense  size, and  their  pro.ximal 
segments  are  fused  with  one  another  and  with  the  caraiwce,  cpiitc 
crowding  out  the  epistoma:  the  rostrum  is  reduced,  or  even 
vestigial,  and  the  pleopods  are  verj-  broad  and  fin-like.     In  Sct/Uaria 


(Fig.  425)  and  its  allies  the  body  is  broad  and  depressed,  the  bases 
of  the  legs  widely  separated  from  one  another  by  the  broad 
sterna,  the  antennie  {ant.  3)  short  and  plate-like,  and  the  eye-stalks 


Sltrlmp  (dorwkl  rl 


(E)  enclosed  in  sockct-liko  grooves  of  the  carapace.  Most  of 
these  characters  show  an  approximation  to  what  is  found  in 
the  Crabs, 
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The  Hermit-crabs  {Pngurus,  &c.,  Fig.  42C)  are  very  strangely 
moditied  in  relation  with  their  peculiar  mode  of  life.  They  are 
alwaj-a  found  inhabiting  the  empty  shells  of  Gastropoda  (Whelks, 
Periwinkles,  &c.),  the  abdomen  completely  enclosed  within  the 
shell  and  only  the  cephalothorax  protruding.  In  correspondence 
with  this  mode  of  protection,  the  abdomen  is  soft,  having  only 
vestiges  of  terga  (()  on  the  dorsal  side,  and  its  appendages  are 
more  or  less  atrophied,  except  the  sixth  pair  (up),  which  take  the 
form  of  pincers,  and  are  used  to  hold  on  to  the  columella  of  the 


shell.  The  fifth  jmir  of  k-gs  (/.5^  an'  much  reduced,  and  in  some 
species  one  of  the  chcliix^cls  is  gri'titly  enlargid  and  its  ehula  (cA) 
acts  as  an  opercuhuit,  coniplctfTy  closing  the  nunith  of  llif  jihcll 
when  thi'  animal  is  retnicted.  As  tlie  Hfnnit-Cnib  grows  it 
takes  up  its  abode  in  larger  and  larger  shells,  sometinu's  killing 
and  removing  piecemeal  the  original  inhabitant. 

Other  Macruni,  such  as  theCocoii-nut  Cnd>(/<''V'/"sl.  Hippn ,iic., 
approach  the  Britchyiira  in  the  short,  nmri'  or  h'ss  ]K'riiianently 
flexed  abdomen,  but  are  clearly  soiKU-ati-d  from  thini  by  the 
Btnictnre  of  the  head  and  its  aj)|>eiidages. 


In  the  Brachi/tu-a.  or  true  Crabs,  wc  reach  the  highest  degree  of 
specialisation  known  among  the  Crustacea.  The  cephalothorax 
(Fig.  427 )  is  always  of  great  proportional  breadth,  and  is  frequently 
muoh  broader  than  long.  The  aodomen,  on  the  other  hand  is  greatly 
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reduced,  its  sternal  region  is  uncalcified,  and  it  lies  permanently 
flexed  in  a  gi'oove  on  the  very  broad  thoracic  sterna,  so  as  to  be 
often  quite  nidden  in  a  view  from  above.  In  correspondence  with 
this  the  pleopiuls  are  much  reduced,  the  male  retaining  only  two 
pairs  as  copulatory  organs,  the  female  fmir  jiaira  lijr  the  attachment 


II  PHYLUM  ARTHROPODA  541 

of  the  eggs.  The  iiropods  are  absent,  so  that  there  is  no  tail-fin. 
The  eye-stalks  (£)  are  contained  in  orbits  or  sockets  of  the  carapace, 
which  are  so  prolonged  that  the  eyes  appear  to  arise  behind  the 


aatcnmiles  and  antenna'.  Both  jjairs  of  feelers  arertnmll.  and  the 
bases  of  the  antcnniiles  arc  contained  in  sockets  or /"sselies.  The 
third  maxillipcdes  (wwy.)  are  broad,  flat,  anil  valve-like,  not  leg- 
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like  as  in  the  Macnim.  Tho  first  legs  (U)  fonii  chelipeda  often 
of  great  size:  the  remaining  legs  generally  end  in  simple  clawa, 
but  in  the  Swimming-crabs  the  distal  aegment  (Fig.  428,  J) 
in  the  fifth  pair  is  flattened  and  forms  a  fin.  The  range  of 
variation  in  form,  proportions,  colour,  markings,  &c.,  among  crabs 
is  very  great  (Fig.  428). 


Unlike  tho  Decapoila,  tlie  ,'. 
few  genera  Turjing  from  the  aizi 
is  the  beat  known  genus. 

The  aMometi  {at — aT)  is  very  large  i 
and  the  curapoee  {clh),  wliich  ia  thin  e 
Ihoraaicsegmeuts  (r/— r///)  uncovered, 
and  covers  the  prostoiniHl  region,  nltich  i 
the  iirst  1>earing  the  large  stalked  eyea, 
arrangement   appears    to   support  the  vie 


The  roRtmni  is  niovaLly  articulated, 
divided  into  two  distinct  segiuentB, 
the   aecom)   the   antcnnules.      This 

'  that  the  ontennulary   i-egion  is  a 


e  distinct  from  the  proBtomium,  bat  the  divisinn  in  question  is  absent 
in  the  larva,  and  does  not  appear  till  the  proper  segmentation  of  the  body  is 
eEtablished  :  probably  it  has  a  physiological  meaning,  ni<d  is  uonnecteil  wit)i  the 
necBHSity  of  extreme  mobility  of  the  eyes  and  olfactoiy  organu  in  an  animal 
which  lives  in  a  burrow  with  only  the  anterior  end  of  tlie  bewl  expuseil. 

The  ontennule  (ai)  hae  three  SagelU  ;  the  antenna  {aS)  a  single  Hagellum  and 
a  very  Urge  exopodite.  The  lirst  five  pairs  of  thoracic  limbs  (I — 5)  are  turned 
forwards  towards  the  mouth,  and  act  an  maxillipedes ;  the  second  of  these — 
ctmesponding  with  the  second  maiillipeile  of  Aatacus — ia  very  large  (£),  and 
ita  distal  segment  is  turned  back  and  articulutud  to  the  penultimate  segment 
like  the  blade  of  a  pocket-knife  to  the  handle.  In  tliis  way  a  very  efficient 
weapon  called  a  luh-ehela  la  produced,  botli  of  the  segments  of  which  are  pro- 
duced into  strong  spines.  The  remaining  three  thoracic  appendages  {6 — S)  are 
slender  legs  provided  with  exopodit«s  :  the  last  of  them  has  a  styliform  cnpu- 
latory  organ  (p)  developed  from  its  proximal  segment.  The  pleo]>o>ls  are  large 
and  biramous :  the  first  five  Ijil,  pS)  have  gill -filaments  {br)  attached  to  their 
plate-like  eiopodites :  the  sixth  (p0)  form  Urge  uropods  or  lateral  tail-lobes, 
ax  in  Astocus. 


b 
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The  Cujnacea  aro  also  a  very  small  group  :  Diaatylis  (Fig.  430)  ie  a  good 
example.  They  are  little  ahrinip-like  DiiinialB,  differing  frum  all  the  Malocostroca 
pres-iougly  conaidereil  in  having  poorly 
developed,  Besaile  eyes,  sometiines  fiia^ 
togethet'.  and  in  Bome  genera  altogether 
absent.  The  carapace  |cfA)  is  bo  small 
as  to  leave  the  five  iioeterior  Hegmenta 
<(A  IV—  VIII)  uncovere.1.  The  first  two 
pairs  of  thoracic  limbs  are  maxillipedes, 
the  last  six  legs  :  of  these  two  or  three 
pairs  have  exopoditea  (ex). 

In  the  Arthrostraca  we  come 
once  more  to  a  very  large  and 
important  order,  containing  a 
great  number  of  genera  and 
species,  many  of  them  strangely 
modified  in  correspondence  with 
special  habits  of  life.  The  best 
known  examples  of  the  AmphipiKla 
are  the  little  Fresh-water  Shrimp 
{Gammnriis,  Fig.  431)  and  the 
Sandhoppers  (Talitiiis,  Orcheatia) 
so  common  on  the  sea-shore.  Of 
the  laopoda  very  convenient  ex- 
amples are  Aselbis  (Fig.  432), 
common  in  fresh-water,  and  the 
well-known  Wood-lice  or  Slaters 
{Oniscm,  Fig.  434, 1).  found  under 
any  piece  of  wood,  stone,  &c., 
which  has  lain  imdisturbed  on  the 
ground  for  a  few  weeks. 

The  body  is  usually  compressed 
or  flattened  from  side  to  side  in 
Amphipods  (Fig.  431),  depressed 
or  flattened  from  above  down- 
wards in  IsoiKwis  (Fig.  432).  The 
normal  matacostracan  number  of 
segments  is  present,  but  the  first 
thoracic  sepnent  is  always  united 
with  the  head,  so  that  the  ap- 
parent head  is  really  an  incom- 
plete or  {Kirtial  cephalothorax 
(cth).  In  some  genera  {TminU, 
&c.)  the  second  segment  of  the 
thorax  also  unites  with  the  head, 
and  such  fonns — sometimes  in- 
cluded under  a  distinct  sub-order, 
Ani»ipoda — form  a   transition  to 


the  other  Malaoostmca,  and  especially  the  Cuniacea.  The  pos- 
terior seven  thoracic  segments  (th.2^th.ti)  are  iVce,  and  those 
of  the  short  abdomen  are  usually  free  in  Amjihipods  (Fig.  431, 
ahd.  1-6).  often  more  or  less  fused  in  laopuds  (Fig,  432,  nbd).  In 
some  Isopoda  the  thoracic  segments  are  produced  laterally  into 
large  and  prominent  pleura. 

The  eyes  (E)  are  compound  and  usually  sessile :  they  are,  how- 
ever, stalked  in  some  of  the  less  specialised  membera  of  the  order, 
a  circumstance  which  lends  support  to  the  view  that  the  sessile 
eyes  have,  in  this  particular  group,  arisen  by  the  atrophy  of  eye- 
stalks.  The  antenna'  (ant^S)  as  well  as  the  antennules  (ani.l) 
are  uniramous.  The  first  pair  of  thoracic  appendages  (tnayi)  are 
mixlifietl  to  form  maxillipedes,  which  are  sonietimeB  united  to- 
gether in  the  middle  line  so  as  to  form  a  sort  of  lower  lip.  The 
remaining  seven  thoracic  appendages  take  the  form  of  legs  {1.1-1.7) 
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which  are  usually  arranged  in  two  groups,  four  of  them  directed 
foi-wards  and  three  backwards,  or  vice  versd.  The  legs  end  cither 
in  simple  claws  or  in  large  sub-cheUe ;  vestigial  esopodites  are 
present  in  some  of  the  Anisopoda.  In  the  female,  certain  of 
the  legs  bear  flat  plates,  the  oostegites  (Fig.  431, cs),  probablymodi- 
fied  ejjipodites,  which  enclose  a  brood-pouch  for  the  reception  of 
the  eggs.     In  Amphipods  the  gills  are  also  borne  on  the  legs. 
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The  abdominal  upiiemliigt-s  aro  vorj-  different  in  the  twn  oniere. 
In  Ainphii>odR  the  first  three  are  biramous  swimming- feet  (Fig. 
431,  n./),  the  last  three  [K-ciiIiar  stiff  jjrocesses  used  for  jumping 
^J./).  In  Isopods  more  or  fewer  of  the  pleopodN  have  broad  plate- 
like  endo-  and  oxopodites  (Fig.  432, pl.3),  the  fonner  thin  and 
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vascuhu- and  acting  as  gills:  the  sixth  }>air  (/)/.'/)  are  either  ieg- 
Hke  or  aid  in  the  foniiation  of  a  tail-tin. 

Interesting  modifications  occur  in  l>c)th  suli-i'iilii-s.  Among  th<' 
Amphii>oda,  J'Arontwi"  (Fig.  WS,  y)is  a  nmrinef..rmof  glassy  trans- 
[wrency,  the  female  of  which  inhabits  a  transjmn'nt  IiiiiTel-likf 
structure — the  test  of  a  pelade  Tunicate — in  which  shr  brings  up 
her  young.  Caprellu  (■/)  is  a  singidar  creatiin-  in  which  the 
abdomen  is  quite  vestigitil,  and  the  R'st  of  the  ln>dy.  as  well  as 
the  api)endages,  ex tnnnelv  slender.  It  cn^eps  aixmt  on  ci'lnuies 
of  Hydrozoa  and  Polyzoa'  to  the  bniiiches  <.f  which  it-*  own  form 
and  colour  are  so  closely  assiniilatod  as  to  render  it  difficult  of 
detection.  The  ullietl  Ci/'iinii«  (Whale-lonse,  .')  Is  j>arasitic  on  the 
.skin  of  whales:  il  also  has  a   vestigial  iilxlonu-n,  but  the  body 
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— exceptionally  among  Amphipods — is  brmul  ami  depressed  ; 
the  lega  curinusly  swollen. 


Among  thu  Isopoda,  one  of  the  most  interesting  fomis  is  the 
common  Wofjd-louse  (Fig.  434,  /),  which  is  almost  unique  among 
Cnistacea  for  its  perfect  adaptation  to  terrestrial  life.     The  allien 
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"  Pili-bugs  "  (Armadillidium,  3)  have  the  habit  of  roUing  them- 
selves up  into  a  ball  when  disturbed.     Cjfmotltoa  and  its  allies  are 
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large  species  (6-8  cm.  in  length)  parasitic  in  the  mouths  of  Fishes, 
where  they  hold  on  to  the  mucous  membrane  with  their  short  clawed 
legs :  their  mouth-parts  are  often  modified  for  sucking.  In  the  Bojpy- 
rini,  found  in  the  gill-cavities  of  various  Crustacea,  panvsitism  is 
accompanied  by  great  degeneration  and  asymmetry  (5),  as  well  as 
by  a  notable  degree  of  sexual  dimorphism,  the  males  {3,  &,?«)  being 
very  small  and  permanently  attached  to  the  bodies  of  the  females. 
Lastly,  in  Ct'yptoniscu^,  parasitic  on  Crabs,  the  adult  female  (-^,  b)  has 
no  trace  of  crustacean  organisation,  and  it  is  only  by  the  study  of 
development  that  its  true  systematic  position  can  be  guessed. 

With  regard  to  the  texture  of  the  exoskeleton^  there  is  every 
gradation  from  the  delicate  polished  cuticle  of  most  Entomostraca, 
Schizopods,  &c.,  through  the  calcified  but  still  flexible  cuticle  of 
Astacus,  to  the  thick,  tuberculated,  stony  armour  of  many  Crabs 
(Fig.  428,  J)  or  the  shelly  pieces  of  Cirripedes.  The  exoskeleton  is 
secreted  from  a  single-layered  ectodenn,  and  undergoes  periodical 
moults  or  ecdyses.  There  is  no  transverse  layer  of  muscle,  and 
the  longitudinal  layer  is  broken  up  into  paired  dorsal  and  ventral 
bands.  As  a  rule,  each  limb-segment  is  acted  upon  by  two  muscles  : 
the  joints  are  nearly  always  hinge-joints. 

The  body-cavity  consists  of  several  chambers  separated  from 
one  another  by  partitions.  In  Falavionetes,  one  of  the  Prawns, 
there  is  a  median  dorsal  chamber  enclosing  the  ophthalmic  artery, 
and  not  containing  blood :  it  is  probably  a  portion  of  the  ccBlome 
in  the  strict  sense  of  the  word.  The  cavities  of  the  gonads  are  also 
ccBlomic,  and  the  ducts  by  which  they  communicate  with  the 
exterior  are  probably  modified  nephridia.  In  addition  to  these 
cavities,  there  is  a  large  central  space,  in  which  the  enteric  canal, 
digestive  glands,  gonads,  &c.,  lie ;  jmired  lateral  spaces  containing 
portions  of  the  shell-gland ;  spaces  in  the  limbs  ;  and  the  j)ericardial 
sinus,  in  which  the  heart  lies.  All  these  cavities  contain  bloo<l,  and 
constitute  a  kind  of  secondary  body-cavity,  formed  by  the  enlarge- 
ment of  blood-vessels,  which  have  largely  replaced  the  true  coelome. 
Such  a  secondar}''  or  blood-containing  body-ciivity  is  called  a 
h(emoc(^le. 

The  enteric  canal  consists  of  a  vertical  gullet,  an  expanded 
stomach,  and  a  nearly  straight  horizontal  intestine.  In  some  of 
the  Cladocera  the  intestine  is  coiled,  but  this  is  quite  exceptional. 
In  the  Entomostraca,  part  or  the  whole  of  the  stomach  is  formed 
from  the  mesenteron,  but  in  Malacostraca  both  gullet  and  stomach 
are  developed  from  the  stomodaeum.  A  gastric  mill  is  present  in 
Malacostraca,  and  a  rudiment  of  such  an  apjxiratus  occurs  in 
Ostracoda,  The  digestive  glands  are  usually  branched  ca^ca  formed 
as  offshoots  of  the  mesenteron :  in  Arthrostraca  (Fig.  435,  /)  they  are 
unbranched  ca^ca  extending  into  the  abdomen  :  in  StomatojKxia 
they  consist  of  ten  metamerically  arranged  organs  opening  into 
the  intestine.     In  Amphij>ods  there  are  intestinal  cieca  {ud)  which 
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may  have  an  e xci'e to ry  function.  So-called  sivlivury  glands,  opening 
on  the  labrum,  have  been  found  in  several  genera. 

In  most  of  the  Entoniostraca   i-espiratiim  takes  jilace    by  the 
gi'neral  surface  nf  the  body,  and  the  only  respiratory  or^ana  urr 
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the  bracts  and  flabella  of  the  appendages.  In  the  stalked  Barnacles, 
however,  there  are  delicate  processes  attached  to  the  feet,  which 
K>aed  to  be  rudimentary  gills.  Amongst  the  Malacostraca, 
Phyllocarida  and  many  Schizupixla  have  no  specialised 
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respinitory  organs,  but  oth«r  .Schizo|KK]s  possess  tuftetl  iMxiobmnchia- 
(Fig.  43(i)  tiuite  uncovered  by  the  carapace.  In  the  Decapofia  the 
gills  may  be  either  plume-like,  as  in  Astacus  and  its  allies,  or  the 
deliciite  cylindrical  gill-tilainents  may  be  re])laced  by  flat  plates,  as 
in  Crabs  and  many  Prawns.     It  is  in  this  order  only  that  we  firol 
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the  three  tj'pes  of  gill  described  in  Astacus  and  the  examination 
of  numerous  forms  leads  to  the  conclusion  that  the  t)iiical  or 
theoretical  branchial  fonnula  for  the  grou]i  is  as  follows: — 


Pa<lol<ran 
Ar!lirol.M 
Henrolim 


Actually,  however,  this  formula  never  oceui-s,  as  there  is  always 
more  or  less  re<luction  in  the  number  of  gills.  Paiinurus  has  the 
highest  number  knowTi.  viz.,  twenty -one,  and  in  the  Common  Cnib 
the  total  number  is  nine. 

Many  Crabs  live  on  land,  and  their  gills  are  enablifl  to  discharge 
their  function  in  virtue  of  the  moisture  retiiined  in  the  nearly 
closed  gill-chamber.     In  the  Cocoa-nut  Crab  {Jiirgiis)  the  upi)er 
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part  of  the  gill-chamber  is  separated  from  the  rest,  and  forms  an 
almost  closed  cavity  into  which  vascular  tufts  project :  it  thus 
functions  as  a  true  lung.  Probably  the  inner  surface  of  the  gill- 
cover  or  branchiostegite  perfonns  a  respiratory  function  in  the 
Crayfishes. 

In  Amphipoda,  also,  the  gills  (Fig.  435,  6?')  are  outgrowths  of  the 
thoracic  limbs :  in  Isopods  they  are  the  modified  endopodites  of  the 
second  to  the  fifth  pleopods :  in  Stomatopoda,  gill-filaments  (Fig. 
429,  br)  spring  from  the  exopodites  of  the  first  to  the  fifth  pleopods. 
Moreover  many  Crustacea  perform  rythmical  contractions  of  the 
intestine,  taking  in  and  expelling  water:  such  anal  respiration 
is  common  among  Entomostraca,  and  is  especially  noticeable  in 
Cyclops. 

The  heart  is  absent  in  many  Copepods  (including  Cyclops),  in 
some  Ostracoda  (including  Cypris),  and  in  Cimpedia:  it  is  an 
elongated  tube  with  several  pairs  of  ostia  in  Euphyllopoda, 
Leptostraca,  Stomatopoda,  and  Arthrostraca  (Fig.  485,  h) ;  in  Clado- 
cera  and  Decapoda  it  is  shortened  to  an  ovoid  sac  with  one  or  more 
pairs  of  ostia. 

Excretory  Organs. — In  many  larval  Crustacea  two  pairs  of 
modified  meso-nephridia  are  present,  the  antenna'}^/  ghtnds  opening 

on  the  bases  of  the  antennae,  and  the  sluil- 
glands  opening  on  the  bases  of  the  second 
maxillae.  But  as  development  proceeds 
one  pair  always  atrophies,  the  shell-gland 
alone  being  usually  retained  in  the  Ento- 
mostraca, the  antennary  gland  in  the 
Malacostraca.  In  the  Stomatopoda,  how- 
ever, there  is  no  antennary  gland,  and  the 
function  of  renal  excretion  mav  be  dis- 
charged  by  a  pair  of  glandular  tubes  open- 
ing into  the  rectum ;  and  in  Amphipcxla 
a  similar  function  is  assigned  to  ca»ca 
opening  into  the  posterior  end  of  the 
mesenteron.  In  some  of  the  Cimpedia 
the  '  shell-gland  is  described  as  opening 
into  one  of  the  compartments  of  the 
body-cavity  like  a  typical  nej)hridium. 

The  nervous  system  is  always  formed 
on  the   ordinary  arthropod   type,  as   de- 
scribed   in   Apus    and   Astacus,   and  the 
chief  variations  it  presents  are  connected 
with  the  greater  or  less  amount  of  con- 
crescence    of    ganglia.      In    the    sessile 
Barnacles  and  in  the  Crabs  (Fig.  487)  this  process  reaches  its 
limit,  the  whole  ventral  nerve-cord  being  represented  by  a  single 
immense  thoracic  ganglion  {hg). 


Fkj.  437. — Nervotis  Mvstem  of  a 
Crab  (Ma^a  sqninado). 

hii,  thoracic  ganglion ;  cj/. 
commi««ural  ganglion ;  g, 
brain  ;  m,  stomach  ;  *r,  ceso- 
))hagcal  connective ;  «j/,  vla- 
cerai  nerves ;  »/,  pcwt-oe«o- 
phageal  connective.  (From 
I^ngH  Comparatire  A  tint- 
oiiii/,  after  Milnc-EclwardH.) 
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The  sense-organs  are  mostly  of  the  same  character  as  those  of 
the  two  examples.  The  median  or  nauplius-eye  always  occui*s  in 
the  larva,  and  can  frequently  be  shown  to  exist  in  the  adult  of 
even  the  higher  groups  (Decapoda).  The  Cirripedia  and  many 
parasitic  Copepods  are  eyeless  in  the  adult,  as  also  are  certain 
subterranean  Malacostraca.  Olfactory  seta^  occur,  as  a  rule,  on  the 
antennules,  and  the  auditory  organs  of  Decapoda  are  open  s^ics  in 
the  basal  segment  of  the  same  appendages,  but  in  Schizopoda  occur 
as  closed  otocysts  (Fig.  423,  o^)  m  the  endopodites  of  the  uroj)ods. 

Reproduction. — In  most  Crustacea  the  sexes  are  separate,  but 
hermaphroditism  occurs  in  some  Phyllopods,  in  nearly  all  Cirripedes, 
and  in  certain  parasitic  Isopods  {Cynwthxi).  In  the  latter  case  the 
animals  are  protandrous,  male  organs  being  develojxnl  at  first,  and 
female  organs  at  a  later  stage.  In  many  Cirripedia  minute  ciym- 
plemental  males  are  found  attached,  like  parasites,  to  the  bixly  of 
the  ordinary  or  hermaphrodite  individual,  the  male  organs  of 
which  appear  to  be  inadequate  for  the  full  discharge  of  the  ferti- 
lising function.  Sexual  dimorphism  is  almost  universal,  and 
reaches  its  maximum  in  the  parasitic  Copepods  and  Isopods 
already  referred  to. 

The  gonads  are  always  a  single  pair  of  hollow  organs  discharg- 
ing their  products  into  a  central  cavity  or  lumen,  whence  they 
pass  directly  into  the  gonoducts,  and  so  to  the  exterior.  The 
gonads  may  be  single  or  branched,  and  frequently  there  is  more 
or  less  concrescence  between  the  glands  of  the  right  and  left  sides, 
as  in  Astacus  and  Cyclops.  The  sperms  vary  greatly  in  fonn,  and 
are  usually  motionless:  in  Cirripedia.  however,  they  are  motile, 
and  in  Ostracoda  perfonn  movements  after  reaching  the  female 
ducts.  In  some  Ostracoda  they  are  about  three  times  as  long  as  the 
animal  itself  (Fig.  415,  D).  In  many  Entomostraca  reproduction  is 
parthenogenetic.  In  Daphnia,  for  instance,  the  animal  reproduces 
throughout  the  summer  by  parthenogenetic  summer  eggs,  which 
develop  rapidly  in  the  brood-pouch  (Fig.  314,  1,  hi\p).  In  the 
autumn  vriiUer  eggsnxQ  produced,  which  are  fertilised  by  the  males: 
they  pass  into  the  brood-pouch,  a  portion  of  which  becomes  s]x»ci- 
ally  modified  and  fonns  the  cphippium  or  saddle.  At  the  next  moult 
the  ephippium  is  detached  and  forms  a  sort  of  bivalved  capsule,  in 
which  the  eggs  remain  in  an  inactive  state  during  the  winter, 
developing  in  the  following  spring. 

Development. — In  some  Crustacea  segmentation  is  complete, 
and  a  hollow  blastula  is  formed :  in  others  complete  segmentation 
is  followed  by  an  accumulation  of  yolk  in  the  interior,  resulting 
in  the  fonnation  of  a  superficial  blast*iderm  as  in  Astacus : 
in  others,  again,  the  egg  is  telolecithal,  and  the  proti)plasm, 
accumulated  at  one  ix)le,  divides  so  as  to  fonn  a  disc  of  cells 
which  afterwartls   spreads  over  the   whole   yolk.      But   in   most 
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caaes  the  egg  is  centrolecithnl  anil  scgmcntatiun  superficial  as 
ill  Astacus. 

Development  in  always  accompanit'd  by  more  or  less  nietanioi- 
phosi».  In  Euphyllopoda  the  young  is  hatched  in  the  form  of 
a  naupliua  {Fig.  3115,  A),  and  further  changes  are  of  the  same  char- 
acter as  in  Apus,  In  Cladocem  development  is  direct,  the  naiiplius- 
stagf  being  [lasscd  through  in  the  eeg,  and  the  young  hatched  in 
a  fonn  closely  wsembling  the  adult.  In  one  of  the  Cladoeera, 
however,  Leptodom  (Fig.  414, 3),  while  development  of  the  summer 
eggs  is  indirect,  the  wuiter  eggs  give  rise  to  free  uauplii.  In  the 
Ostracuda  the  naupliits  is  peculiar  in  having  a  bivalved  whell,  and 
all  three  pairs  of  appendagf^  imiramous.  In  all  the  Cupepuda 
there  ia  a  tree  nauplius,  which,  in  the  parasitic  tbrms,  leaas  a 
free  existence  foi'  a  time,  and  then  attaches  itself  to  its  particular 
host  and  undergoes  retrograde  metamorphosis. 

In  the  Cirripedia,  also,  there  is  a  free  nauplius,  the  body  of  which 
\»  often  produced  into  long  spines.     After  several  moidts,  the 
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nauplius  passes  into  a  form  called  the  Ct/pris-slni/e  (Fig,  438), 
characterised  by  the  presence  of  a  bivalved  shell,  like  that  of  an 
Ostracode:  the  antennules(/)  also  have  become  modified  into  organs 
of  adhesion  by  the  development  of  the  penultimate  segment  into  a 
disc,  theantennffi  have  disappeared,  and  six  pairs  of  swimming-feet 
like  those  of  a  Copepod  have  made  their  appearance :  there  are 
paired  compound  eyes,  and  the  shell  is  closed  by  an  adductor 
muscle.  After  leading  a  free  existence  for  a  time,  the  Cypris- 
larva  attaches  itself  hy  its  antennules,  aided  by  the  secretion 
of  cement-glands,  and  becomes  a  pupa :  the  carina,  terga,  and 
scuta  appear  beneath  the  shell,  and  within  the  skin  of  the  mouth- 
parts  and  legs  of  the  pupa  appear  the  corre.sponding  appendages 
of  the  adult.     In  Lepas  the  anterior  region  of  the  head  grows  out 
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into  a  peduncle.     The  piiiml  integument  is  then  thrown  off,  the 
I>aired  eyes  disappear,  and  the  adult  fonn  is  assumed. 

In  Sacculina  a  still  more  extraordinary  metamorphosis  takes 
place.  The  young  is  hatched  as  a  nauplius,  and  passes  into  a 
Cypris-stage.  In  this  condition,  after  a  brief  free  existence,  it 
attaches  itself  to  the  body  of  a  young  Crab,  near  the  base  of  a  seta. 
The  thorax  with  its  appendages  is  thrown  off,  and  the  rest  of  the 
body  is  converted  into  a  rounded  mass,  from  the  anterior  end  of 
which  an  arrow-like  process  is  developed.  This  perforates  the 
cuticle  of  the  host,  and,  through  the  comnmnication  thus  formed, 
the  whole  body  of  the  pantsite  passes  into  the  interior  of  the  crab 
and  becomes  surrounded  by  a  new  cuticle,  the  old  cuticle  being 
left  empty  on  the  outside  of  the  Crab's  body.  The  Sacculina  now 
sends  out  root-like  processes,  grows  immensely,  and,  pressing  upon 
the  .body-wall  of  the  cn\b,  causes  atrophy  of  the  tissues:  this 
allows  the  now  greatly-swollen  parasite  to  project  on  the  exterior 
jvs  the  tumour-like  adult  described  above  (p.  535). 

Amongst  the  Schizopoda  the  embryo  of  Euphausia  leaves  the  egg 
as  a  typical  free-swimming  nauplius :  this  pjisses  into  what  Ls 
called  the  j^>ro/(ctyrt*«-s/«^c*,  distinguishtKl  by  the  possession  of  an 
elongated,  unsegmentecl  abdomen  without  appendages.  After  suc- 
cessive moults,  the  rest  of  the  apj)endages  appear,  and  the  adult 
form  is  assumed.  In  Mysis  (Fig.  428)  the  nauplius  is  maggot-like, 
and  undergoes  development  in  the  bnxxl-jiouch,  emerging  in  a 
condition  closely  resembling  the  adult. 

The  development  of  the  Decapoda  presents  a  very  intei*esting 
series  of  modifications.  In  two  gi'uera  of  prawns  {Fenwus  ana 
Lucifer)  the  embryo  leaves  the  egg  as  a  nauplius,  and  passes  by 
successive  moults  through  a  protozoiea  stage,  a  zraa-stnge,  with 
segmented  but  limbless  abdomen,  and  a  Mj/nis  or  Schizf^pod-stage, 
in  which  it  resembles  an  adult  Schizupixl,  having  exojxxlites  to  ail 
the  thoracic  limbs. 

In  the  Cmbs  the  nauplius  stagu  is  passed  through  in  the  egg, 
and  the  young  is  hatched  in  the  form  of  a  }KH?uliarly  modifie<i 
zoaea  (Fig.  439,  A),  with  an  immense  cephalothorax  pnxluccHl  into 
spines,  large  stalked  eyes,  and  a  sk*nder  alnlomen.  This  jxisses 
by  successive  moults  into  the  megalt,jy/-stffffr  (B),  which  R'sembles 
an  adult  Macruran,  having  an  extundud  abdomen  with  \\v\\- 
developed  pleojKxls.  The  megalopa  jwissfs  by  successive  moults 
into  the  adult  form. 

In  the  Lobster  (Homcrus)  both  nanplius-  and  zoa*a-stages  art* 
|){usse<l  through  in  the  t^f^g,  and  the  embryo  is  hatchtnl  in  the 
mysis-stage  with  exojxxlites  to  all  the  thonicic  limbs.  In  the 
R()ck-lohsti.*r  {Pff It nifn(s)  and  its  allies,  the  newly  hatchwl  young 
is  a  strangely  modified  Mysis-form  calJiKl  a  Glass-Crab  or  Phyllo- 
wmw  :    it  has  broad,  depressed  cephalic  and   thoracic  shields  of 
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glassy  transparency :  the  abdomen  is  very  small  and  the  legs 
extremely  long  and  biramoua.  Lastly,  in  the  Fresh-water  Cray- 
fish the  young  resemble  the  adult  in  all  but  pi-oportions  and 
certain  unimp<irtant  details  of  structure.  Thus  in  the  series  of 
Decapoda  we  get  a  gradual  abbreviation  in  development,  stages 
which  are  free  larval  forms  in  the  lower  t\'pes  being  hnmed 
through  before  hatching  in  the  higher. 

The  larvae  of  Stomatopoda  are  grotesque  little  creatiiivs  with  a 
very  large  spiny  carapace.     In  Auiphipoda  there  is  no  free  larval 
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fonn,  but  in  Isopoda  the  young  leave  the  egg  in  the  fomi  of  a 
curious  maggot-like  modification  of  the  naupliiis,  which  i 
in  the  brood-pouch  until  it  has  attained  the  adult  form. 


Ethology. — The  Crustacea  are  remarkable  for  their  veryjjcrfect 
adaptation  to  the  most  various  conditions  of  life :  they  occur  in 
fresh-water,  in  the  sea,  in  brine-pools,  in  subterranean  caves,  and 
on  land ;  of  the  marine  forms  some  are  littoral,  some  pelagic,  some 
ah}  ssal  descending  to  over  3,000  fathoms.  One  species  of  Copepod, 
Pontelhna  medtterranea,  may  almost  be  considered  as  aerial:  it 
is  described  as  taking  long  flying  leaps  out  of  the  water,  after  the 
manner  of  a  Fljing-fish.     Some,  like  Lobsters,  Crayfishes,  &c..  are 
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solitary  ;  others,  like  Shrimps,  are  gregarious,  occurring  in  immense 
shoals.  Most  of  them  either  prey  on  living  animals  or  devour 
cannon,  but,  as  we  have  seen,  the  barnacles  are  fixed,  and  feed  on 
minute  particles  after  the  fashion  of  many  of  the  lower  animals, 
and  the  members  of  more  than  one  onler  are  parasites  remark- 
able for  their  deviation  from  the  tj'piail  structure  of  the  class 
and  their  adaptation  to  their  peculiar  mode  of  life.  In  size 
they  present  almost  every  gradation  from  microscopic  Water-fleas 
to  Crabs  two  feet  across  the  carapace,  or  four  feet  from  tip  to 
tip  of  legs. 

As  to  geographical  distribution,  all  the  chief  groups  are  cosmo- 
politan, and  it  is  only  among  the  families,  genem,  and  species  that 
matters  of  interest  from  this  point  of  view  are  met  with.  Fossil 
remains  are  known  from  verv'  ancient  peri(xls.  The  oldest  forms 
are  usually  referred  to  the  Phyllocarida,  and  occur  from  the  Cam- 
brian to  the  Trias.  The  shells  of  Ostracoda  are  also  kno>vn  from 
the  Cambrian  upwards,  and  those  of  Cirripedia  from  the  Silurian. 
Arthrostraca  are  known  from  paloeozoic  times,  but  are  rai-e  as 
fossils :  the  earliest  Macruran  is  a  shrimp-like  fonn  from  the 
Devonian,  while  the  highly  differentiated  Brachpira  are  not 
known  with  absolute  certainty  until  the  Cretaceous  period. 

It  was  in  the  Crustacea  that  the  recapitulation  theory  so  often 
alluded  to  was  first  worked  out  in  deta,il.  Embryology  shows 
that  all  Crustacea  may  be  traced  back  in  individual  development 
to  the  njiuplius,  upon  which  follows  some  kind  of  zosea-stage,  many 
of  the  Entomostracii  progressing  no  further.  But  in  Malacostraca 
the  zoa^a  is  followed  by  the  mysis-stage,  which  is  pennanent  in 
SchizojxKls,  transient  in  Decapods.  It  was  certainly  a  tempting 
hypothesis  that  this  series  of  foniis  represented  as  many  ancestnu 
stages  in  the  evolution  of  the  class.  But  we  have  to  remember 
that  all  such  free  larva?  are  subject  to  the  action  of  the  struggle 
for  existence,  and  have  no  doubt  been  mmlified  in  accordance  with 
their  awn  special  needs  and  without  reference  either  to  their 
ancestors  or  to  the  adult  species  into  which  they  finally  change. 

Many  Crustacea  present  instances  of  jynffedive  and  ^'ggres- 
sire  characters,  i.e.,  modifications  in  form,  colour,  &c.,  which  serve 
to  conceal  them  from  their  enemies  or  from  their  prey.  Probably 
the  most  striking  example  is  that  of  certain  crabs  {Pfiromifhrax), 
which  deliberately  plant  Sea-weeds,  Sponges,  Alcyonarians,  Zoo- 
phytes, &c.,  all  over  the  campace,  and  are  thus  perfectly  concealed 
except  when  in  motion.  Another  Crab,  a  species  of  Dram  ia,  carries 
a  relatively  immense  Ascidian  or  Sea-squirt  on  its  back,  and  in 
another  species  of  the  siime  genus  the  hinder  legs  art*  us^mI  to 
hold  umbrella-wise  over  the  back  a  single  valve  of  a  bivalve 
shell. 

Several    instances   of  ctfimncnmlism    occur   in   the  class.     The 
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association  of  Hennit-crabs  with  sea-anemones  has  already  been 
referred  to  (}d.  196) :  another  interesting  example  is  the  occurrence 
of  the  little  Pea-crab  {Pinnotheres)  in  the  mantle-cavity  of  Mussels. 
Other  Decapods  are  found  in  the  intestines  of  Sea-urchins  and 
Holothurians,  and  one  genus  of  Crab  lives  in  a  cavity  in  a  Coral, 
the  aperture  being  only  just  sufficient  to  allow  of  a  due  supply 
of  food  and  water. 

It  is  in  Crustacea  that  we  find  the  first  indication  of  character 
the  purpose  of  which  appears  to  be  their  attractiveness  to  the 
opposite  sex.  The  immensely  enlarged  and  highly  coloured  chelae 
of  some  male  crabs  (Gelasimus,  Fig.  428,  .^)  are  said  to  be  used  for 
attracting  the  female  as  well  as  for  fighting.  The  sound-producing 
organs  of  some  Decapixla  have  probably  also  a  sexual  significance. 
The  Rock-lobster  {Falinurm  tmlgains)  has  a  soft  chitinous  pad  on 
the  antenna,  which  it  rubs  against  a  projecting  keel  on  the  sternal 
region  of  the  head,  producing  a  peculiar  creaking  sound,  and 
AlphcuSy  another  Macruran,  makes  noises  by  clapping  together  the 
fixed  and  movable  fingers  of  its  large  chelae.  The  fact  that  these 
sounds  can  be  produced  at  the  will  of  the  animals  seems  to  show 
that  they  undoubtedly  possess  a  sense  of  hearing,  and  that  the 
auditory  sac  is  not  merely  an  oigan  of  the  sense  of  direction. 

Affinities  and  Mutual  Relationships. — That  the  Crustacea 
belong  to  the  same  general  type  of  organisation  as  the  articu- 
lated worms  is  clear  enough.  The  advance  in  structure  is 
shown  in  the  reduction  in  number  and  in  the  differentiation 
of  the  segments,  and  in  the  concrescence  of  those  at  the  anterior 
end  to  form  a  head ;  in  the  hardening  of  the  cuticle  into  scleritcs 
so  as  to  form  a  jointed  aimour ;  in  the  jointing  and  mobility  of 
the  limbs ;  and  in  the  differentiation  of  the  dorsal  vessel  into  a 
heart  by  which  the  propulsion  of  the  blood  is  alone  performed. 
The  resemblance  of  the  foliaceous  limbs  of  Phyllopods  to  the 
parapodia  of  the  higher  worms  is  so  striking  that  one  can  hardly 
believe  it  to  be  without  significance.  On  the  other  hand,  the 
absence  of  transverse  muscles  and  of  cilia,  the  non-motile  sperms, 
and  the  replacement  of  the  coelome  by  blood-spaces  are  funda- 
mental points  of  difference  from  any  known  Chfetopod. 

As  to  the  mutual  relations  of  the  various  orders,  the  Phyllopoda, 
>vith  their  very  generalised  structure  and  parapod-like  limbs,  may 
be  taken  as  the  base  of  the  series.  By  a  differentiation  of  the 
post-cephalic  limbs,  and  a  reduction  in  the  number  of  segments, 
the  phyllopod-type  easily  passes  into  that  of  the  Phyllocarida. 
These  again  lead  to  the  Schizopoda,  in  which  the  segments  are 
fixed  at  the  number  occurring  in  all  the  higher  Malacostraca,  the 
caudal  styles  are  no  longer  present,  and  the  firet  thoracic  legs  show 
an  indication  of  being  modified  into  foot-jaws.     From  the  Schizo- 
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pods  the  Macnira  are  derivable  by  the  differentiation  of  three 
pail's  of  foot-jaws  and  the  disiippearance  of  the  exoj)odites  of  the 
legs.  In  the  series  of  the  Macrura  we  find,  on  passing  from  the 
Prawns  through  such  forms  as  Astficus,  Palinunis,  and  Scyllarus, 
a  gradual  shortening  of  the  abdomen,  acc<jmj>anied  by  a  broaden- 
ing and  flattening  of  the  whole  body.  In  Birgus,  Hippa,  &c.,  this 
process  goes  a  step  further,  and  the  abdomen  becomes  permanently 
flexed  under  the  cephalothomx,  thus  leading  to  the  high  degree  of 
specialisation  found  in  the  Crabs. 

The  Arthrostraca,  Cumacea,  and  Stomatopoila  may  perhaps  be 
looked  upon  as  derivatives  of  the  Schizopod-tj-pe  ahaig  distinct 
lines  of  descent,  the  Arthi-ostraca  showing  the  greatest  amount  of 
specialisation,  in  virtue  of  the  absence  of  carapace  and  of  exojxxlites 
(both  present  as  vestiges  in  Anisopoda),  anrl  in  the  eyes  being 
sessile.  The  Ostmcoda,  Copepoda,  and  Cirripedia  are  best  con- 
ceived as  derivatives,  along  separate  lines,  of  an  ancestral  fonn 
common  to  them  and  the  Phyllopoda. 

These  relationships  are  expressed  in  the  following  diagram  : 


Brachyura 


Ar^hro»^raca 


Cumacea 


Phyllopod 
Os^racoda 


Macrura 


Shizofsoda 


S^oma^o|>oda 


Phyllociridc^ 


Fii..  4  40.— Dhiijrnun  illustrating  the  muttuU  rvliitinn-hip-  ••!  the  «»r«ier<  uf  «'ni*tai.c;i. 


APPENDIX    TO   CRUSTACEA 

I  Claw  TwroBiTA, 

The  Trilobtta  are  extinct  Ai'thropods  peculiar  to  and  uhnraoteriiitio  of  the 
Paiffiozoic  rocka :  t!iey  are  Hpecially  aliundant  from  the  Upjwr  CainliHan  to  llie 
Carboniferous.  Th«y  arc  often  found  in  a  wonilerfuUy  good  alste  of  preseri'ntioii, 
owing  to  the  hard  exoskeleton  covering  tlie  dorsal  surface  :  the  greater  part  of 
liie  ventral  region  luid  the  sppenilages  were,  however,  very  delimte,  and  are 
preeer^'eil  ouly  in  exceptionally  favourable  oades. 

Tlie  body  is  depreaBed,  more  or  less  oval  in  outline,  and  diviiled  into  throe 
regions,  the  hrml  ((■."A),  the  ihortix  {ih).  n\v\  tlie  ahdomfn  (]A,  all  of  which  uauaily 


1(1,  44I.^S^EaanltaB  Boelalls,  diiTKal  uicct:  U.  thi 
huHd  dT  ntkCDpa  facnnduB.  rjh.  veplwili.-  shield ; 
Hiture  ;  gl.  |(lnr>cl1n  ;  Ihy.  libnun ;  v.r.  mavabltf  rhee 
■ub-fniuliil  iiGito :  Ih.  thuru.    (After  6in«t»ckiir.} 
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present  an  elevated  median  ridge  and  depreiued  lateral  portiouB,  whence  tlie  trilo- 
batinn  generally  charaeteriatic  of  the  group.  The  head  is  covered  by  a  cara- 
pace or  ftphaiir  ihUld  (c.iA),  the  elevateil  median  region  of  which,  known  as  the 
glabtlla  ('jl],  nsuallj  preaenla  three  nt  four  transverse  groovan,  probably  indicat- 
ing the  presence  of  four  or  five  segments.  The  latural  regions  of  the  carapace 
are  lUvided  by  an  oblique  line  of  separation,  the/ncroi  fmtvrr.  (^(),  into  an  inner 
or  mesial  portion,  the  fxtd  ehtek  (/.c).  continuous  with  the  glabella,  and  an 
outer  free  portion,  the  morabi'  rherk  (m.c) :  the  latter  bears  the  largo  paired 
compound  eye  |r).      In  noine  aiaef  lliei'c  is  iiu  indication  of  u  dorwil  orgnii,  like 
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that  of  ApuH,  on  the  taat  ceplialic  iiegiiient.  Ventrally  the  carapace  is  con- 
linueil,  aa  in  Apus,  into  a  sub-frontal  plnle  (B,  "./.p),  to  the  ponterior  edge  of 
which  ia  attached  a  large  labniiii  (Ihr). 
The  posterior  angles  of  tlie  carapace  are 
often  produceil  into  spines. 

The  thorax  {th)  is  composed  of  a 
variable  number  (2-39)  of  movably 
articulateil  segments,  which  arc  coni- 
monly  trilobed,  conaisttng  of  a  median 
region  or  011*1',  and  of  lateral  pleura  Ijil} 
often  proiluceil  backwants  and  dowii- 
wanU  into  spines.  The  abdomen  i» 
covered  by  a  ravilal  'hirld  or  pygiiliiim 
{p),  formed  of  a  variable  mimber  of 
fused  segments.  Owing  to  the  nobility 
of  the  thoi-ax.  the  Trilobites  were  able 
(o  roll  tlieiuaelvcs  up  like  Wood-lice  (B). 

The  appen<lagea  are  very  imperfectly 
knonn.  Quite  recently  a  single  |>air  of 
antenna-  (Fig.  442)  has  been  shown  to 
exist  in  one  Bpecies,  probably  attached 
to  the  Hub-frontal  plate.  Four  pairs 
of  leg- like  cephalic  appendages  have 
lieen  demonstrated,  and  the  thorax 
bears  sleniler  biranioua  legs  consisting  of 
endo-  and  exp»<lite,  and  bearing  spiral 
gills.  Similar  limbs  are  present  on  the 
alxlomeiT. 

The  larva>  of  several  species  of 
Trilobites  have  l«en  found  in  the  fossil 
state.  In  some  of  these  the  l>ody  con- 
Hints  only  of  carapace  and  pygidiuin  in 
the  youngest  stages,  nn<l  the  thoracic 
segments  are  snlneiiueutly  intercalated 
in  regular  onler.  In  other  tpeciea  the 
earliest  stage  has  the  fonn  of  a  rounrled  Idninrrt.  nltir  Itccvliur.) 

plate,    the   posterior  portion   of   which 

elongates  and  segments  to  fomi  the  thorax  and  alxloinen.  Nothing  is  known 
of  the  larval  apj>enrlageH,  anrl  none  of  the  etagea  hitherto  discuvcrol  can  be 
considered  ns  nauplii. 

Tlie   preci,-e   Hvstematic   positirm    of    llic  Trilobites   is    uncertain,  but    their 
nearest  atfiniiies  wem  to  Iw.  .m  the  whole,  with  the  lliyllopoila. 


(MCkU,  doiHl 


CLASS  II.— ONTCHOPHORA. 

Tho  chiKM  Onychophora  cinnprisi-s  only  tin-  aln'miiit  urthro[Kid 
genus  Peripntux,  which  difft-rs  vitv  widely  in  certain  ini|>i)rtant 
features  of  its  organ isiit ion  from  all  tlif  ivst  of  the  Arthni|Mida. 
and  in  sonic  respi-cts  enahles  us  to  bndge  uver  the  interval 
Iwtween  the  latter  and  some  of  the  lower  phyla,  itmre  |«rtietilarly 
tlio  Annulata. 

Ocneral  external  features. — P<ripatus  (Fij;.  445)  is  a  cater- 
pillar-like aniiiiiU  of  ap]ini!uniately  cylindrical  form,  ami  not  dividiHl 
mtowpnients;  it  has  a  fairlv  well-iiiarkiHl  head,  and  a!ierien(14-42 


according  to  the  species)  of  pairs  of  short  stumpy  appendages. 
The  integument  is  thrown  into  a  number  of  fine  transverse 
wrinkles,  and  is  beset  with  numerous  conical  papillse,  each 
capped  with  a  little  chitinous  spine.  The  head  (Fig.  4+3)  bears 
a  pair  of  antennte,  a  pair  of  eyes,  a  pair  <)f  jaws,  anrl  a  pair  uf 


— PerlpBtoB  capenala.  In 


short  processes  known  as  the  oral  papilla:  The  anttmna;  are  made 
up  of  a  number  of  short  rings.  The  eyes  are  cunstructed  some- 
wnat  after  the  model  of  the  Chsetopod  eye  as  described  <jn  p.  439. 
On  the  surface  of  the  oral  papillfe  are  situated  the  apertures  of 
a  pair  of  glands — the   slime   glaiuh.      Each  jaw  is  composed   of 


two  curved,  &lciform,  chitinous  plates ;  Lhej  lie  at  the  sides  of 
the  mouth  enclosed  by  a  circular  lip.  The  jaws,  as  well  as  tht 
oral  papilla',  are  developc<l  as  modified  limbs. 

The  legs  are  not  jointed,  but  rows  of  ]>iipiila>  give  them  a  ringed 
appi'arance ;  each  consists  of  a  proximal  jjart  and  a  small  distal 
part  or  fixtt,  the  latter  temiinatmg  in  a  pair  of  homy  claws. 
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The  suriiice  presents  nil  elaborate  pattern,  which  varies  greatly 
in  different  inuividuals,  pro(iitced  bv  minute  mottlings  uf  various 
colours  and  tints,  green,  red,  brown,  and  the  arrangement  of  these 
in  stripes  and  bands. 

Body  wall  and  body  cavity. — ^The  wall  of  the  body  consists 
of  a  cuticle,  a  layer  of  deric  epithelium  with  an  underlying 
layer  of  fine   fibix-s,  a   layer 

of  circularly  arranged  miiscu-  ^, 

lar  fibres,  a  double  layer  al' 
diagonal  fibres,  and  a  layer 
of  longitudinal  fibres  divided 
into  a  series  of  bundles.  A 
layer  of  coilomic  epithelium 
lines  the  wall  of  the  ccelonie 
and  invests  the  contained 
organs.  ]ncomi>lete  muscular 
ptirtitions  divide  the  cavity 
into  a  median  and  two  latenit 
compartments.  As  in  tht;  Ar- 
thropixla  in  genenil.  the  body- 
cavitv  is  a  hiemiKMile,  and  is 
fille<rwith  blood. 

The  entertc  canal  (Fig. 
444)  begins  with  a  small 
hucail  aivitif  enclosed  by  the 
circular  lip,  and  having  un 
its  floor  «  slight  prominence, 
the  i&ngvf.  This  is  followed 
by  a  thick- wallet!  }>harffn.>: 
(phar.)  leading  to  a  nnrniw 
eesopkaffus.  The  part  which 
follows,  the  iiiesenicrt'ii  or 
stomach-intestine,  a  wide, 
somewhat  thin-walle<l  tub".-, 
extends  nearly  to  the  pos- 
terior end  of  the  body.  The 
narrower  reeliiiit  leads  to  un 
anal  npertun^  situated  on  the 
last  segment  of  the  Ixxly. 
A  diverticulum  leading  biu'k- 
wards  from  the  buccal  cavity, 

receives  the  secn-tion  of  two  

long  narrow  tubidnr  s/'lhun/  fir.'iiii''ii"H"iir.')     °  '     "'    ' 

glaniJs  {saJ.  g}il.\ 

Circulatory  vysteiii. — The  htaH  is  an  elongated  tulie  nm- 
ning  through  nearly  the  entire  length  'it'  the  biNly.  it  presents  a 
number  of  paii-s  of  ostia  arranged  segiuentally — ('.-.  one  opj>ositt' 


Perlpfttna.  'i 
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each  pair  of  legs.  It  is  enclosed  in  a  pericardial  sinus  imperfectly 
cut  off  from  the  general  body  cavity  by  a  longitudinal  partition. 
There  are  no  other  vessels  with  the  exception  of  a  median  ventml 
vessel. 

The  organs  of  respiration  are  delicate,  unbmnched  or  rarely 
branched,  tracheal  tubes  lined  with  a  thin  chitinous  layer  exhibiting 
fine  transverse  striations.  Groups  of  these  open  in  little  depres- 
sions of  the  integument,  the  external  openings  of  which  are 
known  as  the  stigmata.  The  stigmata  in  some  of  the  species  are 
distributed  irregularly  over  the  surface ;  in  others  are  arranged 
in  longitudinal  rows.  By  means  of  these  tubes  air  is  conveyed  to 
all  parts  of  the  body. 

A  series  of  pairs  of  glands,  the  coxal  glands  (Fig.  444, 
C(xc.  gld.\  lie  in  the  lateral  compartments  of  the  body  cavity,  and 
their  ducts  open  on  the  lower  surfaces  of  the  legs.  Their  distri- 
bution varies  in  the*  two  sexes  and  in  the  different  species :  in 
one  species — P.  cdwardsii — they  are  only  developed  in  the  male. 
A  pair  of  larger  glands — the  slime  glands  {si.  gld) — opening  at 
the  extremities  of  the  oral  papillae,  may  be  modified  coxal  glands : 
the  secretion  of  these  is  discharged  in  the  fonn  of  a  number  of 
fine  viscid  threads  when  the  .animal  is  irritated,  and  appears  to 
serve  a  defensive  purpose. 

The  nervous  system  consists  of  a  brain  (bni,)  situated  in  the 
head,  and  of  two  longitudinal  n^n'c  cards  {ne,  co.)  which  run  parallel 
with  one  another  throughout  the  body  to  the  posterior  end,  where 
they  join  together  behind  the  anal  aperture.  A  number  of  very 
fine  transverse  commissures,  more  numerous  than  the  segments, 
(i.e.  than  the  pairs  of  limbs)  connect  the  two  cords  together  to 
form  a  ladder-like  nervous  system  comparable  to  that  of  some  of 
the  Flat  Worms.  The  cords  are  very  slightly  swollen  opposite 
each  pair  of  limbs :  nerve  cells  cover  them  uniformly  throughout 
their  entire  length.  The  brain  gives  off  nerves  to  the  antenna^. 
The  nerves  to  the  jaws  are  given  off  just  where  the  brain  jmsses 
into  the  longitudinal  nerve  coifls. 

The  excretory  organs  are  nephridia  (Fig.  445)  of  the  type  of 
those  of  the  Annulata,  situated  in  pairs  in  the  lateral  compartments 
of  the  body  ctivity,  and  opening  on  the  lower  surfaces  of  the  legs  at 
their  bases.  Each  nephridium  consists  of  a  wide  funnel  (tr.)  with 
Mnged  margins  opening  into  the  coelome  or  into  a  closed  sac ;  a 
looped  tube  (sg.) ;  and  a  dilated  tei^nimd  vesiile  (eb.),  situated  close 
to  the  external  opening.  The  salivary  glands  and  the  reproductive 
ducts  are,  as  shown  by  the  study  of  their  development,  specially 
modified  nephridia,  as  appear  also  to  be  a  j)air  of  glands — the  anal 
glands — opening  close  to  the  anus. 

Reproductive  organs. — Peripatus  has  the  sexes  distinct.  In 
the  female  there  are  two  ovaries  and  two  nteri,  the  latter  in  the 
form  of  long  curved  tubes  which  unite  behind  in  a  median  vagina 
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opening  on  the  oxtt-rior  between  the  second  last  jMiir  of  legs 
Connected  with  each  utenis  where  it  leaves  the  ovary  are  twu 
diverticula — the  i-eceptandum  seminis  and  receptacuhnn  ovonim.  In 
some  species  one  or  other  of  these 
ma}-  be  absent. 

In  the  male  there  are  two  tub\ilar 
testes,  each  with  a  narrow  ras  effeirns 
opening  by  a  funnel-like  aperture  into 
a  veitimla  semiTUilis ;  this  is  followed 
by  a  long,  narrow,  coiled  tas  ihfeirnx. 
The  two  vasa  deferentia  unite  together 
to  fonn  a  median  tube — the  (hidus 
fjaculntot-uis—opumng  on  the  exterior, 
like  the  vagina  of  the  female,  between 
the  second  last  pair  of  legs.  The  wall 
of  the  proximal  part  of  the  ejaculator)- 
duct  is  glandular  and  secretes  a  sub- 
stance ff&rning  complicated  cases  which 
enclose  masses  of  sperms  to  fonn 
s  permatophores. 

Development,  —  The  differences 
between  the  different  sjK'cies  of  Peri- 
[tatus  as  regards  the  segmentation  and 

the  formation  of  the  germinal  layers,  ,c.u..i.».  .=-.- 

as  described  by  various  observers,  an'  !'io'!'^f-^^i'jiiigi°r!^'i''fl«i'ir) 

ver)-   considerable.      All    the    species 

are  viviparous,  but  in  sonie  the  egg,  befon.'  the  completion  i>f 
embryonic  development,  is  enclosed  in  a  well-fonned  shell,  and 
in  certain  cases  the  eggs  may  pass  out  to  the  exterior  before  the 
emergence  of  the  embryo.  In  some  species  the  egg  encloses  a  con- 
siderable amount  of  fo<Ml-yolk,  in  others  the  (|uantity  of  food-yolk 
is  small,  and  nutriment  is  obtained  fiijui  the  juin-nt. 

In  P.  7U>v(r-zealandia:  there  is  a  snin^rficial  segmentation.  The 
first  segnientation-nuclens  is  itself  superficial,  and  segmentation 
results  in  the  development  of  a  number  of  nuclei,  each  with  its 
island  of  protoplasm,  which  arrange  theinselvesim  what  is  destined 
to  become  the  dorsal  side  (Fig.  446  A).  o|)iHisite  the  site  nf  the 
future  blastopore,  while  some  pass  inMar<ls  to  the  centnil  part  of 
the  oviiin.  The  peripheral  nuclei  multiply  niinilly  and  gmw  r<'und 
the  yolk  so  as  to  completely  enclose  it  except  on  a  small  s|nu^' 
(blastojxtn')  in  the  middle  of  the  ventral  si<le  (B).  There  a  thicken- 
ing takes  place,  and  an  involution  of  the  !i]is  of  the  blastniMin- 
results  in  a  si>rt  of  invagination,  the  Hour  of  the  invagination 
cavity  being  fonuerl  of  yolk  with  scatlend  nuclei. 

In  another  species—*/',  f'j'i-iisis — the  s.giiieiitation  has  the 
apiwnrance  of  bi'ing  total:  but  the  cells,  though  sepanittii  by 
tissures  externally,  are  fuse<l  internally. 
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In  acconlance  with  the  sinallcT  f-izi'  "f  thi-  ovii  iiinl  ihi-  rela- 
D  of  the  enibryu  with  the  wall  "f  thf  uliTiis  the  American 
*  iw  a  totally  difi'iTuiit  iiuh.K-  ,.f  ik.\(.-lu]jiiieit.  The  eggs, 
almost  entirely  dL-M.'i(l  »i'  yilk,  niniirgo  a  total  and 
wy  tH^uftl  process  of  segiiieiitatiuti.  Ev>ja  at  this  atage  the 
embryo,  which  iiioreaseu  considerably  in  size,  appears  to  receive 
nutrient  lymph  from  the  uterine  wall.  When  it  has  reached  thi' 
32-ceU  stage  the  embryo,  according  to  one  observer,  consists  of  a 
solid  mass  closely  invested  by  the  epithelium  of  the  wall  of  the 
ufcerua.  It  then  becomes  reduced  in  size  and  owing  to  exosmosis, 
assumes  the  form  of  a  disk  jilacud  iu  close  apposition  to  one  side 
of  the  wall  of  the  uterus.     The  embryo  subsequently  loses  its 
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tkttcned  form  and  becomes  somewhat  vesicular,  the  cavity  of  the 
vesicle  opeuing  into  the  cavity  of  the  uterus.  From  its  surface 
are  given  off  isolated  cells  which  become  applied  iu  part  to  the 
wall  of  the  uterus,  and  finally  unite  to  form  a  complete  envelope 
(avtnion)  enclosing  the  embryo.  The  vesicle  then  becomes  closed, 
the  embryo  becomes  raised  from  the  surface  of  the  uterine  wall, 
the  part  applied  to  the  latter  becoming  narrowed  so  as  to  form  a 
sort  of  stalk,  at  the  base  of  which  is  a  growth  of  cells  termed 
the  placenta.  Into  close  relation  with  this  placenta  cornea  a 
ring-shaped  thickening  of  the  uterine  wall,  the  uterine  plactiita. 

In  P.  aipenMH  behind  the  elongatetl  blastopore  proliferation  of 
cells  gives  rise  to  an  oval  thickening.  The  iiieso<lenn  takes  its 
origin  at  this  point  and  extends  forwaitls  in  the  form  of  two 
germinal  hands,  one  on  the  right  of  the  blastopore  and  the  other 
uu  thi-  Itft.     These  bands   undergo  a  division   into  nidiiiifiits  of 


XI 


PHYLUM   ARTHROPODA 


50) 


segments — the  division  beginning  in  front.  The  lips  of  the  blasto- 
j)ore  meanwhile  become  approximated,  and  fuse  throughout  the 
greater  part  of  their  length,  leaving  only  an  anterior  and  a 
posterior  opening;  these  go  to   fonn  the  mouth    and    the   anus 


Kio  147.— Tbrve  wmiewlmt  Interstages  in  the  development  «if  Peripatus  Cap«nsiS|  Nlu.wing 
theuunle  of  cl<»»nre  of  the  blA.stt»i>«>re  find  the  nuivanmcc  <»f  the  primitive  se>n»>entM.  A.  i^ttigc 
in  which  the  blantoporc  {hi.)  htw  thefonu  of  an  cI<>n»ott(.-*i  ^lit  ;  H.  stin(v  in  whith  thebla^toiMtre 
i«  cl<Mtiug  up  in  itft  middle  iwrt ;  ('.  nt.-igv  in  which  the  bhistojN.nr  hsv*  lK*e«»nie  fl«»«*c«l  ui»  exeept 
the  anterior  i«irt:  which  hnw  gone  to  f«»nn  the  mouth  (»jo.).  »uul  the  rtnun  ('i>».) :  the  wh«»K'  emhr>'ti 
hiu4  now  become  Rtnaigly  curved  tt»w:inl!«  the  don«;il  >»ide.     (After  llolfour.) 


respectively.  The  division  into  segments  soon  becomes  well 
marked.  At  the  anterior  end  the  head  lobes  become  distiuiruish- 
able.  The  body  elongates,  and  the  head  and  tnink  become  differ- 
entiated. The  limbs  now  arise  as  ventro-lateral  outgrowths  which 
are  developed  from  before  backwanls. 
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Distribution. — The  various  species  of  Peripatus  are  all  terres- 
trial, and  are  found  in  damp  localities,  under  bark,  or  dead  timber, 
or  stones.  Four  species  occur  in  South  Africa,  one  in  South 
America  and  one  of  the  West  Indies,  one  in  New  Zealand,  and 
two  in  Australia. 

Relationships. — Peripatus  is  the  most  primitive  of  existing 
Arthropods,  and  presents  some  striking  points  of  resemblance  to  the 
Chaptopoda.  The  development  is  in  the  main  arthropodan, 
especially  as  regards  the  mode  of  segmentation  (at  least  in  the 
forms  with  much  food-yolk,  which  are  probably  the  more  primi- 
tive), the  mode  of  closure  of  the  blastopore,  and  the  mode  of 
development  of  the  mescxlennal  strands.  Arthropodan  also  are 
the  relatively  large  size  of  the  brain  and  the  presence  of  tracheae, 
the  character  of  the  heart  with  its  pairs  of  ostia,  together  with 
the  clawed  appendages,  and  the  jaws  in  the  form  of  modified 
limbs.  The  nephridia  on  the  other  hand,  and  their  modification 
in  certain  segments  to  form  the  gonoducts,  which  are  ciliated 
internally,  are  annulate  in  character,  and  in  all  probability  the 
slime  glands  and  coxal  glands  correspond  to  the  setigerous  glands 
of  the  Chsetopoda.  The  nervous  system  is  peculiar,  and  is  most 
nearly  paralleled  among  the  Platyhelminthes  and  the  Mollusca. 
Also  peculiar,  and  serving  to  distinguish  Peripatus  from  the  rest 
of  the  Arthropoda,  are  the  large  number  of  stigmata  with  their 
irregular  arrangement,  the  presence  of  only  a  single  pair  of  jaws, 
and  the  nature  of  the  cuticle. 


CLASS  III.— MYRIAPODA 

The  class  Myriapoda,  including  the  Centipedes  and  the  Milli- 
pedes, consists  of  tracheate  Arthropoda,  which  bear  many  features 
of  resemblance  to  the  Insects.  There  is  a  distinct  head,  bearing 
many-jointed  antenna^  a  pair  of  eyes,  and  two  or  three  pairs  of 
jaws ;  and  a  body,  not  distinguishable  into  regions,  but  consisting 
of  a  number  of  similar  segments,  each  bearing  either  one  pair  of 
legs  or  two.  A  system  of  air-tubes  or  tracheae,  similar  to  those  of 
Peripatus  find  the  Insects,  open  by  a  series  of  stigmata,  usually  in 
considerable  numbers,  on  the  sides  or  lower  surfaces  of  the 
segments. 

A. — Distinctive  Characters  and  Classification. 

The  Myriapoda  are  tracheate  Arthropoda  in  which  there  is  a 
head,  bearing  antenna*  and  jaws,  and  a  trunk  made  up  of  a  number 
of  similar  segments,  provided,  exce])t  the  last,  with  leg-like 
appendages.  Groups  of  ocelli  take  the  place  of  the  compoimd 
eyes  of  Insects. 
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Order  1. — Symphy'La. 

Myriapoda  in  which  there  are  not  more  than  twelve  leg-bearing 
trunk  segments ;  a  single  pair  of  branching  trachea?,  the  external 
apertures  of  which  are  situated  in  the  head ;  and  an  unpaired 
genital  aperture  on  the  fourth  segment. 

This  order  includes  only  a  single 
genus,  Scolo}Kndi'cUa  (Fig.  448.) 

Order  2. — Chilopoda. 

Myriap<xla  with  a  dorso- ventral ly 
compressed  body,  consisting  of  a  con- 
siderable mmiber  (15  to  173)  of  trunk 
segments,  each  with  a  single  pair  of 
legs,  the  first  pair  of  legs  forming  poison 
jaws  (maxillipedes).  The  unpaired 
genital  aj)erture  is  on  the  second  last 
segment. 

This  oixler  includes  the  Centipedes 
(Fig.  449)  and  Scutigcra, 

Order  8. — Diplopoda. 

Myriap<Hla  with  a  dorsally  convex 
body  comix)sed  of  a  considerable  num- 
ber of  segments,  all  of  which,  with  the 
exception  of  the  first  four,  bear  each 
two  pairs  of  legs.  There  are  no 
maxillipedes.  The  paired  genital  aper- 
tures are    situatecf  between  the  thin!   and  fourth  segments. 

This  onler  includes  the  Millipedes. 

Order  4. — Pauropoda. 

Myriap<Kla  with  ten  trunk  segments  and  nine  pairs  of  legs. 
Antenna*  with  several  Hagella.  Tnichea*  not  known.  Paired 
genital  apt*rtures  situateil  at  the  bases  of  the  second  pair  of  legs. 

The  onier  includes  only  a  single  gt'nus,  Pininypus  (Fig.  451). 

(iEXERAL  Organisation. 

External  features. — The  haul  in  the  MyriajKxla  is  as  well 
marked  oft'  as  in  an  Insect ;  it  appears  to  be  composed  of  about 
four  fused  segments.  The  antenna'  consist  .sometimes  of  many, 
sometimes  of  com]>aratively  few  segments.  A  {>air  of  eyes, 
situated  on  the  doi*sal  surface  of  the  head,  consist  of  aggrt»- 
gations  of  ocelli  except  in  tkutigwa,  in  which  X\\vvv  are  com- 
pound eyes,  differing,  however,  in  their  structure  from  those 
of  Insects.^     There  is  a  movjible  lalriun,  a  pair  of  mandihhs,  ami 

*  See  p.   .">9<). 


Vm.  448.  —  acolop«ndrella 
ImmacQlata  (lYom  Leuck- 
iirt,  iifter  LatxeL) 


two  pairs  of  vi«xilla:.  The  iiiaiidibles  havf  iio  pnljis ;  one  or 
both  pairs  of  inaxillse  usually  possess  palps;  the  second  pair  of 
maxilffe  are  in  some  groups  more  or  less  united  together. 

The  numbfr  of  segments  in  the  body  varies  from  12  to  173.    In 
the  Millipedes  the  dorsal  walls  of  thi.-  segments  are  ver\-  strongly 
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arched;  in  the  Centipedes  the  segments  are  all  dorso-ventmlly 
compressed,  with  distinct  tergal  and  sternal  shields  separated 
laterally  by  intervals  of  comparatively  soft  skin  on  which  the 
stigmata  open.  In  the  Chilopoda  each  segment  bears  a  pair  of 
jointed  legs  :  nf  these  the  must  anterior  pair  is  extended  fonvanb 
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to  form  a  pair  of  poison  jaws  {mnxillipcihs),  at  the  extremity  of 
the  pointed  terminal  joint  of  which  opens  the  duet  of  a  poison 
gland.  In  the  Diplopoda  each  segment  behind  the  fourth  or  tifth 
bears  two  pairs  of  legs,  the  four  or  tive  most  anterior  having  only 
one  pair  each.  In  most  of  the  Diplopoda  the  appendages  of  the 
seventh  segment  are  mcxlified  in  the  male  to  form  copulatory 
organs. 

The  integ^ument  and  body  wall  do  not  differ  widely  from 
thase  of  Insects.  Odoriferous  glands  are  present  on  some  of  the 
body  segments  in  the  Diplopoda,  and  open  on  the  dorsal  surface. 
Scohpendrella  possesses  spinning  glands. 

The  alimentary  canal  is  straight,  and  is  nmch  simpler  in 
character  than  that  of  the  Insecta.  Connected  with  the  mesen- 
teron  are  a  number  of  short  hepatic  cac(f,  and  one  or  two  pairs  of 
Mnlpighian  tubes,  having  a  renal  function,  open  into  the  beginning 
of  the  hind  gut. 

The  heart  is  greatly  elongated,  and  consists  of  as  many 
chambers  as  there  are  segments  in  the  body. 

The  respiratory  system  resembles  that  of  Insects  to  be  fully 
dealt  with  later  (p.  578,  Fig.  45J)),  consisting  of  air-iubes  or 
trackcce.  There  is  on(?  pair  of  stigmata  in  each 
segment  in  the  Diplopofla,  and  the  trachete  are 
unbranched.  In  the  Chilopoda  the  tmchea' 
are  branched,  and  the  number  of  stigmata  is 
in  most  ca.ses  less  than  the  number  of  seg- 
ments. In  Scutigera,  one  of  the  stigmata  is 
unjKiired  and  dorsal.  In  the  Symphyla  there 
are  only  two  stigmata,  and  these  an*  situated 
on  the  head. 

The  nervous  system  is.  in  acconlance  with 
the  form  of  the  body,  much  less  concentrated 
than  in  the  InsecUv  (see  below,  p.  504).  In  the 
Chilopoda  there  is  a  double  gjinglion  in  each 
.segment  of  the  trunk;  in  the  Diplopoda  there 
are  two.  The  longitudinal  commissuri's  be- 
tween the  ganglia  are  usually  distinct.  The 
ganglia  of  the  tii-st  two  segments  unite  to 
form  an  infra-oesophageal  gjxnglion  from  which 
the  ner\'es  to  the  jaws  are  given  of!*.  A 
snn pathetic  or  visct»ral  nervous  system  is 
present  as  in  Insects. 

The  sexes  are  always  separate.  The  reprcKluctive  organs — 
ovaries  or  testes — an*  usually  paired,  with  i>aired  ducts,  having  a 
common  terminal  portion:  but  in  the  Diplo])oda  there  is  an 
unjiaired  ovary  or  testis  with  pained  ducts,  wliich  n^main  distinct 
throughout,  and  open  by  separate  apertures.  In  the  Chilopoda 
the  external  aperture  is  situated  on  the  penultimate  segment :  in 
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the  Diplopodii  and  Pauropoda  the  two  aptrtiirew  are  usually 
between  the  second  and  third  segments  of  the  body;  in  the 
Symphyla  the  single  aperture  is  situated  between  the  legs  of  the 
fourth  segment. 

The  OTUm,  as  in  most  Arthropods,  contains  a  lai^c  quantity  of 
food-yolk.  The  centratly-placed  segmentation-nucleus  divides  so 
as  to  give  rise  to  a  number  of  nuclei,  this  division  being  accom- 
paniea  by  a  division  of  the  yolk  into  a  number  of  masses,  which, 
however,  are  more  numerous  than  the  nuclei.  The  nuclei  then,  for 
the  most  |>art,  migrate  to  the  surface,  some  being  left  behind  in 
the  yolk.  Those  that  reach  the  sur&ce,  surrounded  each  by  its 
little  clump  of  protoplasm,  become  arranged  into  a  continuous 
superficial  layer  <if  cells — the  blastoderm.     On  the  surface  of  this 


appears  a  thickening,  and  along  the  thickening  is  formed  a  groove 
which  may  perhaps  represent  the  blastopore,  though  the  endodenn 
is  fonned  by  direct  modification  of  the  cells  in  the  interior  of  the 
yolk.  Stomodspuin  and  proctodajum  are  developed  as  invagina- 
tions of  the  surface  layer.  The  thickening  of  the  blastoderm  gives 
rise  to  a  germinal  band  in  which  rudiments  of  the  segments  soon 
become  recognisable.     Larval  membranes  do  not  occur. 

In  some  of  the  Diplopoda  there  is  a  metamorphosis,  such  as 
has  shortly  to  be  described  in  the  embryo  Insect,  and  the  larva 
(Fig.  452,  B)  has  a  singular  superficial  resemblance  to  an  Insect, 
owing  to  the  presence  at  first  of  only  three  pairs  of  appendages 
on  thi^  anterior  trunk  region. 

Foiiil  remaiDt  of  Myriapixla  have  been  tbund  in  stmtii  as  tar 
back  as  the  Devonian.     The  more  ancient  fossil  forms  are  not 
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capable  of  being  grouped  in  the  same  orders  as  the  living  repre- 
sentatives of  the  class,  and  are  lookeil  upon  as  constituting  at 
least  two  orders,  the  members  of  which  are  all  extinct. 


CLASS  IV.— INSECTA. 

The  class  of  Insects,  comprising  the  Cockroaches,  Grass-hoppers, 
Dragon-flies,  House-flies,  Butterflies,  Beetles,  and  Bees,  with  their 
many  allies,  though  it  is  a  very  extensive  one,  including  as  it  does 
a  larger  number  of  species  than  any  of  the  other  classes  of  the 
Arthropxla,  is  yet  characterised  by  a  remarkable  degree  of  uni- 
formity, no  such  extremes  of  nKxlitication  occurring  as  are 
observable  within  the  class  Crustacea. 

Characteristic  of  all  the  members  of  the  class  is  the  presence  of 
three  clearly-defined  regions — the  head,  thomx,  and  abdomen. 
There  are  present  on  the  head,  antenme,  mandibles,  and  two  pairs 
of  maxilla*,  the  jaws  being  variously  modifit^l  in  the  different 
orders.  All  Insects  have  three  pairs  of  thoracic  legs,  and  most 
have  either  one  or  two  pairs  of  wings  likewise  bonie  on  the  thorax  ; 
the  abdomen  is  not  provided  with  paired  appendages. 

The  organs  of  rt»spiration  are  trachea?  similar  to  those  of  the 
ilyriapoda. 

The  various  systems  of  internal  organs  attain  in  all  the  higher 
groups  of  Insects  a  veiy  high  grade  of  development.  In  most  the 
development  is  complicated  by  the  occurrence  of  a  strongly-marked 
metamorphosis.  Insects  are  terrestrial  or  aerial,  only  a  few  groups 
living  on  the  surface  of  fresh  or  sjilt  water ;  but  many  are  aquatic 
throughout  their  larval  condition. 

Many  groups  of  Insects  are  remarkable  for  the  high  grade  of 
their  intelligence  as  compared  with  the  membei-s  of  most  classes  of 
thf*  animal  kingdom.  This  manifests  itself  mainly  in  a  number 
of  instincts,  often  of  a  remarkable  chanicter,  having  to  do  with  the 
protection  and  rearing  of  the  young — in  some  cases  heading  to  the 
formation  of  communities  consisting  «>f  individuals  of  various 
different  kinds  (workers,  soldiers,  sexual  individuals)  for  mutual 
support  and  protection. 

1.  Example  of  the  Class — The  Cockroach  (Pcriplaneta 

iimericana). 

The  Cockroach,  familiarly  known  by  the  misleading  title  of 
**  Black  Beetle,"  is  a  commtm  {>est  of  kitchens,  Iwikeries,  and  store- 
rooms. It  is  mx^tumal  in  its  habits,  mrely  coming  out  of  its 
lurking-places  in  the  day-time,  and  is  almost  omnivorous  in  its 
diet.  It  isago^nl  example  of  the  Insecta,  not  only  on  account  of  its 
large  size  rendering  it  convenient  for  dissection,  but  also  because 
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of  its  gciifralbwl  striictiirL-.  which  makes  it  ii  liiii-ly  (.-eiitrai 
member  of  the  class,  devoid  of  any  extreme  modifications. 

Three  regions  are  very  distinctly  recognisable  in  the  body  of 
the  Cockroach.  In  front  is  the  hentf,  elongated  vertically,  bearing 
the  very  long  slender  /eelrrs  and  the  large  n/cs,  and  contracted 
behind  to  form  a  narrow  tuel:  In  the  middle  is  the  thovitx. 
consisting  of  three  segments  bearing  the  three  [lairs  of  legs  and 
the  two  pairs  of  wings.  Behind  is  the  uhiio'iiien,  consisting  of  ten 
segments  covered  over  above  by  the  wings.  The  entire  surface 
is  covered  by  a  chitinous  cuticle,  which  is  specially  thickened  on 
the  head,  on  certain  parts  of  the  thorax,  and  in  the  anterior  pair 
of  wings. 

The  head  consists  of  four  parts — -the  epicranium  behind,  com- 
pnsing  the  region  between  and  behind  the  eyes,  and  the  dypeHS, 
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or  portion  extending  vertically  <iownwards,  with  two  lateral 
parts,  the  gena;  in  front.  The  eyes  are  a  pair  of  renitbrm  black 
patches  on  the  sides  of  the  bead ;  each  is  seen  when  examined 
with  a  lens  to  be  divided  into  a  number  of  minnte  hexagonal  areas 
or /««(«,  like  those  in  the  eye  of  the  Crayfish.  Borne  in  sockets 
just  below  the  eyes  are  the  long,  slender,  highly  mobile  feelers  or 
antennBB,  each  made  up  of  a  large  number  of  short  segments,  the 
first  three  being  larger  than  the  others.  Internal  to  the  base  of 
each  antenna  is  a  rounded  white  space — the  fenestra — the  nature 
of  which  is  not  known,  but  which  may  be  an  abortive  representa- 
tive of  the  simple  eyes  or  ocfUi  found  in  most  Insects. 

Movably  articulated  with  the  lower  or  ventral  end  of  the 
ctypeus  is  a  broad  plate,  the  lobruvt  or  upper  tip  (Fig.  454,  llir.), 
overhanging  the  aperture  of  the  mouth.  Below  the  genie  and 
articulating  with   thf  siiK^s  both  of  the  epicnmium  and  ch-])eus 
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lire  a  pair  of  st<}ut  mmuUblea  (Fig.   4.74,   md.,  and  455,  man.}, 

which  work  horizon- 
tally like  those  of  the 

Crayfish ;  their  inner 

I'dges     are     tiivide<l 

into     a    number    of 

teeth.       Behind    the 

niandiblert  are  a  more 

Hexible  pair  of  jaws 

— the    first    jiair    of 

tiULTtllfC  {mw.',  ma.i: '). 

Each  nmxilla  exhibits 

a  structure  compar- 
able to  the  funda- 
mental   tj-pe    of   the 

appi'ndages     of     thi- 

I'raj'hsh  ;  a.  ba.sal  part 

or  pco(oyft<(i(<;,  consist- 
ing of  two  segments 

( podoniercs),  siipport- 

ing  an  internal  ramus 

or  cndopodite,  and  an 

external      ramus     or 

CM'pixiile.   The  former 

consists  of  two  imrts : 

an  inner.jwinted.hanl 

blade  —  the    I'uhti.t 

{»i/.),  and    an    outer, 

softer,  more  elongated — the  gtilcii   (me.).     The  exopodite  foniis  a 

l>idp,thc  7itaxi//'ir>/]>nlpipm.),  consisting  of  five  podouicres.  Behind 
these  are  the  second  maxilla*,  which 
iy  are  reducible  to  the  same  tyjw.but 

"""  which   have   their   two   basal  seg- 

ments (those  of  the  protoi>odites) 
united  together  in  the  middle  line, 
to  tonu  two  median  sclerites, 
known  ivs|M'ctivelyas  meiituM  (m.) 
and  stthini;itiim(sm.),  so  that  the  two 
appendages  fonu  a  sort  of  lower  lip 
called  the  M>i,n,i.  The  emlojw- 
dites  taken  together  constitute 
what  is  termed  the  liffidii ;  each 
is  divided  into  two  ]>arts  like  the 
endopodite  cif  the  first  maxilliP. 
The  exoiMnlites  form  thrt-e- join  ted 
palps,  the  l"hi,'t  jHi/pa{pl.). 

The     neck,    or    namiw    region 


mXf 


if  Iho  OoCkMkCfa:  H-e.  Inhnim: 

III   tniiur  dlvliiliiai  nf  Iho  >ci>ni<l 
U)>iv1  lilp,:  juH.  niuUlKry  |M]p: 
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between  the  head  proper  and  the  thorax,  is  covered  for  the  most 
part  by  a  thin  flexible  cuticle,  but  there  are  supporting  it  eight 
thickened  and  hardened  patches — the  cervical  sclerites  (cerv.). 

Each  of  the  three  segments  of  the  thorax — known  respectively 
as  prothorcw,  mc8oth(yi'a:i:,  and  mctathoxax — is  covered  over  dorsally 
by  a  chitinous  plate — the  terguni,  and  ventrally  by  another — the 
sternum.  The  tergiim  and  stenium  of  each  segment  are  distinct 
from  one  another,  not  united  into  a  continuous  sclerite  as  in  the 
Craj-fish.  The  tergum  of  the  prothorax  is  larger  than  that  of  the 
other  two  segments,  and  overlaps  the  neck  above.  Attached  to 
the  anterior  border  of  the  tergum  of  the  mesothorax  are  the 
anterior  wings  or  elytra — a  pair  of  thick  opaque  plates,  which,  in 
their  ordinary  position,  extend  backwards  over  the  abdomen  to 
some  little  distance  beyond  its  extremity.  Attached  to  the  tergum 
of  the  metathorax  are  the  postei^^  wings — a  pair  of  extremely 
delicate  membranous  expansions,  which,  when  at  rest,  are  folded 
up  longitudinally,  like  a  fan,  under  the  elytra.  Attached  to  the 
sternum  of  each  segment  of  the  thorax  is  a  pair  of  legs.  Each  leg 
consists  of  a  stout  flattened  proximal  podomere  or  ccaxt ;  a  small 
second,  or  trochanter ;  a  third,  the  femur ^  similar  to  the  coxa  but 
narrower ;  a  fourth  slender  and  spinose,  the  tihia ;  and  finally 
the  tarsus  or  foot,  composed  of  six  very  short  segments  provided 
ventrally  with  patches  of  setie  to  give  adhesive  power ;  the  last 
segment  {pnhillus)  is  armed  in  addition  with  a  pair  of  claws. 

Of  the  segments  of  the  abdomen  the  most  posterior  are  over- 
lapped by  those  just  in  front.  Each  is  enclosed  in  a  doi-sal  tergum 
and  a  ventral  sternum,  both  of  which  are  thinnish  and  flexible — 
the  terga  and  sterna  of  successive  segments  overlapping  one  another 
from  before  backwards.  The  eighth  and  ninth  terga  are  hidden 
from  view  by  being  overlapped  by  the  seventh.  The  tenth  is 
produced  backw^ards  into  a  thin  flexible  plate,  the  posterior  border 
of  which  presents  a  deep  notch ;  below  this  is  the  opening  of  the 
anus,  at  the  sides  of  which  are  a  pair  of  small  hard  plates — the 
podical  plates ;  at  the  sides  of  the  tergum  are  a  pair  of  many- 
jointed  palp-like  bodies — the  ccrci.  The  stenium  of  the  first 
abdominal  segment  is  rudimentary.  In  the  male  that  of  the  ninth 
bears  a  pair  of  short  styles.  In  the  female  the  sternum  of  the 
seventh  is  very  much  more  prominent  than  in  the  male.  The 
genital  aperture  is  placed  on  the  ventral  aspect  of  the  posterior 
extremity  of  the  abclomen  beneath  the  anal  opening. 

When  compared  with  the  Crayfish,  as  regards  the  external 
anatomy,  the  Cockroach  is  found  to  differ  (1)  in  the  an*angement 
of  the  segments  into  regions;  (2)  in  the  fonn  and  position  of  the 
appendages.  The  head  and  thorax  together  con*espond  to  the 
cephalothorax  of  the  Crayfish,  but  comprise  fewer  segments ;  the 
abdomen  contains  a  larger  number  of  segments.  The  single  pair 
of  antenna*  probably  corres[>ond  to  the  antennules  of  the  Crayfish 
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— thf  nntcnnif  of  thv  lattir  not  being  rt'iirfsi-ntwl.  On  this  view 
the  hontologies  of  the  anterior  appfnaages  in  the  two  animals  may 
111-  expressed  in  the  following  table  : — 


Ckavklsh. 
Antennulos. 
Antennie. 
Mandibles. 
Fir»t  inaxillie. 
Second  maxilla-. 
Firat  nmxilliiH.ile»<. 
Second  maxillii}edes. 
Third  mnxilli{iedes. 


COCKKOACH. 
Antenna'. 
Absent. 
Mandibles. 
First  mnsilln-. 
Second  maxillie  (labimn). 
First  legs. 
Second  Tegs, 
Third  legs. 


R('presontatives  of  the  tivo  jiairs  of  thonicic  legs  of  the  Crayfish 
wimid  thus  appear  to  be  absent  in  the  Cockroach,  and  evanescent 
rudiments,  no  traces  of  which  remain  in  the  adult,  alone  represent 
ia  the  latter  thi;  well-develoi>ed 
ab<lomin»l  appembtges  of  the 
former. 

In  the  living  Cockroach  re- 
■plratory  movement!  are  to 
be  observed,  in  which  the  ab- 
domen becomes  alternately  ex- 
panded and  contracted ;  these 
movements  bring  about  the 
alternate  inhalation  and  ex- 
halation of  air  through  certain 
apertun-s  —  the  /iii;/m<i/o  —  at 
the  side.-*  of  the  body.  Two 
of  thi-se  an-  situate<l  on  each 
side  <)f  the  thorax,  one  Ix'- 
tween  the  prothorax  and  meso- 
thorax,  and  the  other  Ixtween 
the  mesothorax  and  the  meta- 
thorax.  Eight  occur  on  each 
side  in  the  abdomen  between 
the    terga   and    sterna  <jf  the        y,. 

segments.      Just    internal    t"  _ __  __ 

each  spimcle  the  main  trachea  ."./-"...■st.iw.r..i  riimu:  Mi-.-i.^-r. 

mto  which  It  leads  presi-nt.-*  an  Kt.n.nl :  m.  .(..-„,  .Mttw  .Imial.    {.\tter 

ola-itic  ring  or  spiral,  acting  as  '""     '""'" 

a  valve  for  closing  the  passage. 

The  principal  sets  of  muMlei  of  the  Iniiik  of  the  coekrmich 
an-  (I)  the  hn'jUiuHnal  ttoTuil  im-scl'S  (Fig.  4.">li.  long,  s/rni.). 
which  form  u  transversely  segment^-d  .sheet,  extending  Iwtween 
iuljoining  sterna  of  the   thorax  and  iibdomen ;  (2>  Miijur  sterital 


iv  Cockroach.    > 


musclti  (oil.  sltni.),  confinfd  to  the  abdomen :  (S)  anfl  Um.gitvilinal 
tergal  inuseks,  best  developed  in  the  abdomen.  The  various 
segments  of  the  limbs  are  capable  of  being  flexed  or  extended  on 
one  another,  as  in  the  Crayfish,  by  the  contractions  of  special 
muscles.  The  wings  are  little  used,  the  female  cockroach  being 
incapable  of  flight,  and  the  male  not  a  strong  flier,  and  accordingly - 
the  wing  muscles  are  not  very  strongly  developed. 

Between  the  body  wall  and  the  alimentary  canal  is  a  cavity 
taking  the  place  of  the  ccelome,  but  in  reality  forming  a  fi>ecially 


F».  4JT.— Ssml^ll 


1.  gDiuilioiiliyM* ;  infi-.  (•-   . 


ifliuuli ;  er.  una ;  tfin-  jiltunl 

■■(.  intMibu :  [£.  juj*.  ikbU  P^P . 

pntih  j  Aflk  polnlB  to  the  cxtumu  opehlu^  uf  Am  luedUu  ondiict  (Titglr  ., . 

r.«f.  right  anuT  i  ml.  gl<t  ulivur  eUmto :  mJ.  nt.  HiUvanr  mxpiacle  (lurt) ; 

ducU,  UidkatlDS  the  point  >[  which  thn  mcdUn  duct  of  the  uUTury  gkndii 

medljui  duct  of  the  Bolirtv;  rflc«|itni.'Ld* ;  ^inr,  Jiplnctfis ;  flf-  ?,  jitoruum  of  the  Hvmith  Hf(- 

locat;  Ii.  W,  tergum  of  tbilolitb  sagnieiit:  <A',  Oi',  tM,  Qnt.  wmnd,  nnd  third  nagliieDtii  nr 


»s)i™ry 
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developed  pirt  of  the  blood-vascular  system  (hBemocoele).  This 
is  bounded  e.xtemally  by  an  irregular  wall,  formed  of  a  mass  of 
pnlygnniil  e.'lU  constituting  the  fat  body. 

Digestive  system. — The  mmitk  opens  into  a  bucml  cavity, 
which  n^cfivi-  thi-  liiu'ls  ^f  the  salivary  glands  (Fig,  457,  s«^.  gld.). 
Each  gland  is  disidi'd  into  two  lobes,  each  made  Up  of  numerous 
ramificatious.  In  close  relation  to  each  gland  is  an  elongated 
thin-walled  sae — the  salimi-y  rr-ei-pttirle  {ml.  rec.').  The  duct  given 
off  from  the  salivarj-  receptacle  joins  that  of  the  opposite  side, 
and  the   median   duct  thus  fcmued  is  joined  by  a  single  duet  {sal. 


sal.      ^H 
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du.),  formed  by  the  union  of  the  two  ducts  of  the  salivary  glands ; 

the  comiuon  duct  thus  formed  opens  into  the  buccal  cavity 
(Fig.  458).  A  chitinous  fold 
of  the  floor  of  the  mouth 
forms  the  lingua  or  tongue. 
From  the  buccal  cavity 
there  proceeds  backwards 
a  narrow  aacphaffta  (as.), 
which  leads  to  an  elongated 
saccular  dilatable  sac — the 
crop  (cr.).  On  this  there 
follows  the  provetUricultu 
or  gizzard  (gizz.) — a  pear- 
shaped  chamber  with  the 
broad     end    directed    foi^ 

wards,  its  chitinous  internal    lining  raised   up   into  a    number 

of    homy    teeth.     A    narrow    passage    leads   from   this    to    the 

chylijic  ventricle — a   wide   tube    with   glandular  walls ;  from   its 

anterior  end  are  given  off  eight 

tubular  hepatic  axea   {hep.  cce.) — 

blind   tubes  somewhat   narrower 

than  the  chylific  ventricle.     The 

point  of  junction  of  the  chylific 

ventricle  with    the  intestine    is 

marked  bj-  the  presence  of  very 

numerous  thread-like  yellow  ap- 

pendages-^the    Malpighian  tubes 

(malp.) — which    are     the    renal 

organs  of  the  animal.     The  in- 

te^ine  (int.)  terminates  in  a  dilated 

portion — the    i-ectum    (ret.) — the 

walls  of  which  are  longitudinally 

folded.     Of  t^e  entire  alimentary 

canal     only    a    small    part — the 

chylific  ventricle — with  the  ap- 
pended hepatic    cseca,  is   of  the 

nature  of  a  uiesonteron,  the  region 

in  front  being  a  stomodfeum,  and 

that  behind  a  proctodseum. 

The   heart    is    an     elongated 

tube,  closed  behind,  open  in  front, 

running  along  the  middle  line  of 

the  abdomen  and  thorax,  imme- 
diately beneath  the  terga.  In- 
ternally the  tube   is   divided   into  a  number   of  chambers ;    its 

walls  art;  perforated  by  ft  series  of  ymin  of  valvular  apertures  or 

oatia.     Running  from  the  wall  of  the  heart  to  the  torga  are  a 
VOL.  1  .  P  p 


series  of  segmentally-arranged  fan-shaped  bundles  of  muscles — 
the  alary  mvacles  (Fig.  484,  m.). 

Reipiration  takes  place  through  the  instrumentality  of  a 
system  of  air-tubes  or  trachea:  (Figs.  469  and  460),  opening  on  the 
surface  at  the  stigmata,  to  which  reference  has  already  been  made. 
These  trachea?  form  a  richly  ramifying  system  extending  to  all 
parts  of  the  body.  They  possess  a  chitinous  internal  lining, 
supported  by  means  of  a  spirally- wound,  fibre-like  thickening. 
By  moans  of  this  system  of  air-tubes  air  is  conveyed  throughout 


Fill,  Ml,— PeriplUMts.    Gcnoml  tIsw  of  ths 
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the  body  to  all  parts,  and  there  is  thus  ensUR'd  the  mpid  and 
complete  oxygenation  which  the  functional  activity  of  the  Insect 
requires. 

The  nervom  lyitem  consists  of  ii  hiim  {Fig.  457,  6)'M„and 
461,  hr.),  a  ^^-asophageal  pair  of  ganglia  (injr.  ynng.),  three 
tkoi-acic  {Fig.  461,  thor.  1,  2,  and  3),  and  six  iihih.minul  j>airs  of  a 
ganglia,  a  system  of  connectives  uniting  the  ganglia  together,  and 
a  series  of  nerves  given  off  to  the  various  ]Kirts  of  the  bociv-  The 
brain  consists  of  a  bilobed  mass  of  nerve-matter  situated  in  the 
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head,  and  divisible  into  two  parts,  anterior  and  posterior.  From 
the  anterior  part  is  given  off  on  each  side  the  optic  nerve  passing 
to  the  eye  to  become  expanded  into  an  optic  ganglion,  and  from 
the  posterior  part  the  nerve  to  the  antenna;.  It  is  supported  by 
a  chitinoiis  framework — the  tentorium.  From  the  brain  there  run 
backwards  a  pair  of  esophageal  connectives  (conn.),  passing,  one  on 
each  side  of  the  tesophagus,  downwards  and  backwards  to  the  sub- 
cesophageal  gangUa.  The  latter,  which  are  situated  between  the 
submeutum  and  cesophagus,  give  off  a  pair  of  connectives,  passing 
backwards  to  the  first  thoracic  ganglia.  From  the  sub-oesophageal 
ganglia  are  ^ven  off  the  nerves  to  the  labmm,  the  mandibles, 
and  both  pairs  of  maxillee.  The  three  paired  thoracic  and  six 
abdominal  ganglia  are  connected  together  into  a  chain  by  a  series 
of  double  connectives ;  the  last  pair  of  abdominal  ganglia,  situated 
in  the  sixth  segment  of  the  abdomen,  arc  larger  than  the  others', 
and  supply  the  segments  behind.  A  visceral  nervous  system,  rami- 
fying on  the  anterior  part  of  the  alimentary  canal,  is  connected 
with  the  two  (esophageal  connectives  by  two  nerves,  which  join 
above  the  oesophagus  to  form  a  median  froiUal  gnnglion. 

The  organs  of  special  lense  are  the  eyest,  the  antenna;,  and 
the  palpi.  The  eyes  arc  compound — each  being  made  up  of  a 
large  number  of  simple  elements  similar  to  those  that  go  to  make 
up  the  eye  of  the  Crayfish  (see  p.  513).  The  antenna  and  palpi, 
together  with  the  anal  cerci,  act  as  organs  of  touch.  In  addition, 
certain  setse  on  the  antennie  appear  to  have  an  olfactory  function. 

Beproduotlye  organs. — In  the  male  the  testes  (Fig.  462,  tst.), 
are  a  pair  of  small  bodies  which  lie  in  the  fourth  and  fifth  seg- 
ments of  the  abdomen  immediately  below  the  terga.     From  these 
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a  pair  of  delicate  tubes,  the  taso  ih-fnrnti<i,  load  to  the  resiculce 
seminales,  two  tufts  of  whitish  ca'ca,  which  together  constitute" 
what  is  known  as  the  "  mushroom-shaped  gland  " ;    these  open 

p  p  2 
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into  the  anterior  end  of  the  ^'aculatary  duct  {duct,  ej.),  an  un- 

S aired  tube  with  muscular  walk  opening  on  the  exterior  imme- 
iately  below  the  anus.  Around  tne  genital  aperture  arc  a  series 
ofchitinous  processes,  the  gonapophyses,  which  sub8er\e  copulation. 
In  the  female  there  are  two  groups  of  ovarian  tubes  or  ova-i-icUs, 
each  group  or  oiai-y  (Fig  463,  on.)  consisting  of  eight.  The 
tubules  of  each  group  are 
united  together  anteriorly, 
where  they  are  connected  by 
a  ligament  to  the  dorsal 
body-wall.  Posteriorly  each 
group  is  connected  with  a 
lateral  oviduct  (orf.).  Each 
ovarian  tube  has  a  beaded 
appearance,  owing  to  its  con- 
taining a  row  of  ova,  which 
increase  in  size  posteriorly. 
The  two  oviducts  unite  to 
open  by  a  median  aperture 
on  the  sternal  surface  of  the 
eighth  segment  of  the  abdo- 
men, A  pair  of  unsymmetri- 
cal  sacs  opening  together  in 
the  middle  of  the  sternum 
of  the  ninth  segment  con- 
stitute the  spermatkeca  or 
receptaculum  seminis.  A  pair 
of  ramifj-ing  glandular  tu- 
bules, the  coUeterufl  glands 
(col!,  gld.),  open  behind  the 
spermatheca.  A  series  of 
chitinous  g&napopkyses,  which 
aid  in  depositing  the  eggs, 
are  situated  between  the 
female  genital  ajierture  and 
the  anus.   - 

Development. — The  eggs 
are  enclosed  sixteen  together 
in  homy  capsules,  the  sub- 
stance of  which  is  secreted  by 
the  colleterial  glands.  They 
are  laterally  compressed,  con- 
cave on  one  side  (the  future  ventral  side),  convex  on  the  other  (the 
future  dorsal  side).  Each  egg  is  enclosed  in  a  thin  egg-shell,  or 
ehorion,  with  several  small  openings.  The  nucleus,  originally  plainly 
distingui.shable  in  the  ovarian  ovum,  is  no  longer  visible  in  the 
egg  when  laid,  owing  to  the  accumulation  of  food-yolk.    It  is  to  be 
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inferred  from  what  is  kno*n  of  other  Insects  that  the  nucleus  with 
a  small  quantity  of  protoplasm  lies  enclosed  within  the  food-yolk. 
It  undergoes  division  (Fig.  464),  and  some  of  the  resulting  cells 
travel  to  the  surface,  where  they  form  an  investing  layer — ^the 
bhsioderm  (blast.), — while  others — the  yolk  cells  {yh.  c), — remain 
scattered  in  the  interior  of  the  yolk. 

On  the  ventral  sid,e  there  is  soon  formed  a  thickening  of  the 
blastoderm,  owing  to  the  cells  in  this  situation  becoming  columnar ; 
this  forms  what  is  termed  the  ventral  plate  (Fig.  465),  In  front 
this  is  wider  (in  the  position  of  the  future  head)  than  it  is  behind. 
It  becomes  divided  by  a  number  of  narrow  transverse  lines  which 
indicate  the  boun<laries  of  the  future  segments. 

Rudiments  of  appendages  appear  on  the  head  and  thorax, 
and  a  series  also  appear  on  the  abdomen,  which,  however, 
subsequently  disappear.  The  segment  on 
which  the  rudiments  of  the  antennie  appear 
is  at  tirst  post-oral  in  position,  but  subse- 
quently becomes  fused  with  a  pne-oral  seg- 
ment (;pro&tomium),  so  that  tno  antennae 
acquire  their  permanent  prse-oral  position 
only  secondarily.  The  prostomial  segment, 
the  antennary  segment,  a  segment  devoid  of 
appendages,  the  segment  bearing  the  rudi- 
mentary mandibles,  and  those  bearing  the 
two  pairs  of  nmxillfe,  all  unite  to  form  the 
heofl  of  the  adult.  The  ventral  plate,  which 
was  superficially  situated  when  first  de- 
veloped, becomes  gradually  sunk  within  the  p,, 
substance   of  the   yolk,  and    thus   becomes  ^^^^   „,,„,„  „, 

separated   from  the   chorion   by  a   layer  of  peuJnirw.  (Afur  iiuii 

yolk.     On  this  follows  the  appearance  of  the  ^     bhhj-) 

larval  membranes.     On  either  side  arises  a 
fold  of  the  blastoderm  (Fig.  460,  amn./.):    and   the  two  folds 
grow  inwards,  and  eventually  unite  over  the  body  of  the  embryo, 
forming  a  complete  iwo-lavored  covering  for  it.     The  outer  layer 
is  termed  strosii  (ser.),  the  mner  avinion'  {nitin.) 

Along  the  middle  of  the  ventral  plate  there  soon  appears  a 
groove — the  germinal  groort.  This  grows  downwards,  antl  forms 
a  tube,  which  becomes  completely  detacht-d  from  the  I'ctodenn. 
The  lumen  of  the  tube  becomes  fillet!  up  with  cells,  and  the  solid 
strand  thus  formed  divides  longitudinally  into  two  ]>arts — the 
mesoderm  bunds.  There  is  some  doubt  as  to  whether  the  endodenu 
is  also  formed  in  the  course  of  this  invagination,  or  by  moditieation 
of  the  yolk-celis.     Infoldings  of  the  octixlerm  at  the  anterior  and 

'  Thie  tenn  is  deriveil  from  the  Vert«lirata.  in  which  there  i»  »n  analogoua 
membrane,  occupying,  however,  a  <1orsal  instead  of  n  vi^iitral  jmeitiun  aa  reganln 
th«  body  of  the  embryo. 
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posterior  ends  of  the  embryo  give  rise  to  the  stomodseum  and 

proctodaeum. 


venl.pl 


blast 


ser 


amn.f 


blast 


Each  of  the  two  mesoderm 
bands  becomes  divided  trans- 
versely into  a  series  of  seg- 
ments, which  become  hollow, 
and  then  become  closely  ap- 
plied to  one  another,  eventu- 
ally coalescing,  so  that  the 
cavities  of  all  of  them  unite 
to  form  the  body  cavity  of 
the  adult,  the  outer  walls 
becoming  applied  to  the 
ectoderm  to  form  a  somato- 
pleure,  or  lamina  consisting 
of  somatic  layer  of  mesoderm 
and  of  ectoderm;  the  inner 
becoming  applied  to  the  en- 
doderm  to  fonn  a  splmichno- 
pleure,  or  lamina  consisting 
of  splanchnic  layer  of  meso- 
derm and  of  endoderm. 

The  ventral  plate  gradually 
grows  upwards  at  the  sides, 
and  eventually  its  borders 
meet  and  unite  along  the 
dorsal  middle  line,  the  entire 
yolk  thus  becoming  enclosed 
by  it. 

The  ventral  nerve-chain 
is  developed  from  a  groove 
of  the  ectoderm,  bounded  by 
thickenings  which  become 
detached  from  the  surface 
ectoderm,  and  form  the  chain 
of  ganglia.  The  bmin  is  de- 
veloped from  a  pair  of  ecto- 
dermal thickenings.  That 
part  which  is  developed  in 
the  prostomial  region  — 
the  archi-cerebruin — becomes 
united  with  that  developed 
in  the  following  two  seg- 
ments to  form  the  completed 
brain  or  si/n-cerchrum. 

It  can  hardly  be  said  that 
the  Cockroach  undergoes  a  metamoi-phosis,  the  young  Insect  when 


ect 


amn    ser 


Fio.  466. — A — C,  trausveree  sections  through  the 
developmg  uvum  of  an  Insect  at  successive 
stages  to  show  the  mode  of  development  of  the 
germinal  layers  and  of  the  amnion,  amn. 
amnion  ;  amn./.  fold  of  the  amnion  ;  amn,  car. 
cavity  of  the  amnion  ;  hUuit.  blastoderm  cover- 
ing the  yolk  ;  ect.  ectoderm  ;  end.  endoderm  ; 
past,  invagination  of  ventral  plate  ;  »er.  serosa; 
v€nt.  pi.  ventral  plate ;  pk:  yolk.  (After 
Korschelt  and  Heider.) 
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it  escapes  from  the  egg  differing  from  the  adult  only  in  its 
smaller  size,  and  in  the  absence  of  wings,  which  grow  out  sub- 
sequently from  the  terga  of  the  meso-  and  meta-thorax.  Between 
its  hatching  and  its  complete  development  the  young  Cockroach 
undergoes  no  fewer  than  seven  "  moults  "  or  changes  of  skin,  in 
which  all  the  chitinous  parts  become  thrown  off  and  renewed. 


2.  Distinctive  Characters  and  Classification. 

The  Insecta  are  air-breathing  Arthropoda,  in  which  the  body 
consists  of  three  well-marked  regions — head,  thorax,  and  abdomen ; 
the  head  devoid  of  external  segmentation,  bearing  compound  eyes, 
a  pair  of  antennae  situated  on  the  prostomium,  but  post-oral  in 
origin,  mandibles,  and  two  pairs  of  maxillae ;  the  thorax  of  three 
segments  each  bearing  a  pair  of  legs,  and  the  second  and  third 
usually  wings ;   the  abdomen  composed  of  a  varying  number  of 

segments  (7 11),  which  are  devoid  of  appendages  in  the  adult 

condition.  A  liver  is  absent,  but  salivary  glands  are  always 
present.  There  is  an  elongated  tubular  heart,  divided  into  eight 
chambers,  situated  in  the  abdomen ;  the  vessels  themselves  are  not 
highly  developed.  The  Insecta  are,  almost  without  exception,  air- 
breathers,  ana  the  organs  of  respiration  take  the  form  of  branching 
tubes,  the  tracheae,  by  means 
of  which  air  is  conveyed  to 
all  parts  of  the  body.  The 
nervous  system  and  sense- 
organs  are  highly  developed. 
The  excretory  organs  are  a 
number  of  blind  tubes,  the 
Malpighian  tubes,  appended 
to  the  intestine.  The  sexes 
are  separate :  development  is 
sometimes  direct,  more  usuallv 
complicated  by  a  metamor- 
phosis. 

Order  1. — Aptera   {Collan- 
hola  and  Thysanxira). 

Insecta  in  which  the  wings 
are  absent,  and  the  surface 
is  covered  either  with  scales 
or  hairs.  Eves  are  sometimes 
absent ;  sometimes  there  are 

groups  of  ocelli ;  sometimes  compound  eyes.      The   segments  of 
the  thorax  are  not  fused  together.     Some  progress  by  running 


Fio.  iff:.-  ItCpisma.     (After  Gu^rin 
Percheron.) 
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others  by  springing  movements  effected  by  a  special   springing 
apparatus  on  the  abdomen.     Some  have  elongated,  many-jointed 

filaments  or  cerci  at  the  extremity  of  the 

abdomen.     Development  is  direct. 

This    order    includes    the    Spring-tails 

(Podura,  Fig.  468),  and  Silver-fish  (Lepisma, 

Fig.  467). 

Order  2. — Orthoptera. 
Insects  in  which  there  are  two  pairs  of 
wings,  of  which,  in  most  cases,  the  anterior 
pair  are  hard  and  tough,  and  the  posterior 
pair  delicate  and  transparent.  The  parts 
of  the  mouth  are  masticaitory  The  pro- 
thorax  is  not  united  with  the  other  seg- 
ments of  the  thorax.  Development  is  direct, 
or  there  is  a  gradual  and  incomplete 
metamorphosis.  ■  . 

This   order  includes   Earwigs,   Cockroaches,   Stick-  and    Leaf- 
insects,  Grasshoppers  and  Locusts  (Fig.  469). 


Kud  Perchenm.) 


Order  3. — Neuroptera, 

Insects  with  two  pairs  of  netted  membranous  winps.     The  parts 
of  the  mouth  are  adapted  for  biting.     The  prothora-x  is  free  from 
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the  other  segments  of  the  thorax.     The  metamorphosis  is  some- 
times complete,  sometimes  incomplete. 

This  order  includes  Termites  ("  White  Ants  "),  May-flies  (Fig. 
470),  Dragon-flies,  Ant-lions,  Caddis-flies. 

Order  4. — Hemiptera. 

Insects  in  which  wings  are  usually  present,  sometimes  similar, 

sometimes  dissimilar,  and  in  which  there  is  a  Jointed  suctoiial 


rostrum  formed  from  the  labium,  enclosing  the  jaws  in  the  form  of 
piercing  organs.  The  prothorax  is  free  from  the  other  segments 
of  the  thomx.     The  metamorphosis  is  incomplete. 


This  order  includes  Bugs,  Water-bugs,  Lice,  Scale-insects,  Plant- 
lice  (Fig.  471),  Cicadas  (Fig.  472), 

Order  5. — Diitera. 

Insects  provided  (except  in  the  Fleas)  with  «  single  jiair  of 
transparent  mfiiibranoiis  wings,  n-pri'Si-nting  the  antenor  |inir  of 
other  orders.  The  mouth  parts  iire  .-idiipted  fur  piercing  and 
sucking.  The  prothorax  is  fused  with  th<.-  other  segments  of  the 
thorax.     There  is  a  complete  metamorphosis. 

This  order  includes  Fleas,  Gmtts  iind  Mosquitoes  (Fig.   473), 


House-flies  and   Bluw-flies,  Bot-flies  (Fig.  47-J.),  Cmne-flies,  and 
"  Daddy-long-legs." 


Order  6.— Lepidopteha- 

Insects  with  both  pairs  of   wings  well  developed  and  covered 
with  scales  (modified  h;urs).     The  maxillie  are  modified  to  form 


fin.  47a.— Butlerflj<Pl«rta),wlth  caterplUnr  anJ  chrj-tnltt  etiigt".  (Alt. 
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an  elongated  sucking  tube,  which  is  rolled  up  spirally;  the  other 
parts  of  the  mouth  are  rudimentary,  with  the  exception  of  the 
labial  palpi.  The  prothorax  is  fused  with  the  mesothorax.  The 
metamorpnosis  is  complete. 

This  order  includes  Butterflies  (Fig.  475)  and  Moths. 

Order  7. — Coleoptera. 

Insects  in  which  the  anterior  pair  of  wings  take  the  form  of 
hard  homy  wing-cases,  or  elytra,  which,  when  at  rest,  are  folded 
up  along  the  back  and  cover  over  the 
folded-up  membranous  posterior  wings. 
The  prothorax  is  movable  on  the  other 
segments.  The  jaws  are  fully  developed, 
and  adapted  for  biting  and  chewing.  The 
metamorphosis  is  complete. 

This  order  includes  the  true  Beetles 
(Fig.  476). 

Order  8. — Hymenoptera. 

Insects  in  which  both  pairs  of  wings 
are  present  and  membranous.  The  mouth 
parts  are  adapted  both  for  biting  and 
licking.  The  prothorax  is  united  with 
the  other  segments  of  the  thorax.  There 
is  a  complete  metamorphosis. 

Included  in  this  order  are  Bees  (Fig. 
493)  and  Wasps,  Ants  (Fig.  494),  Gall-flies, 
Ichneumons. 


Fio.  476.— Beetle  (Orloc^ris) 
with  larva.  (After  Gu^rln 
and  Porcheron. 


Systematic  Position  of  the  Example, 

The  Cockroach  is  a  member  of  the  order  Orthoptcra  and  of  the 
sub-order  Qrthoptera  genuina.  which  comprises  all  the  members  of 
the  order  with  the  exception  of  the  aberrant  group  of  the  Ear- wigs 
(sub-order  Dermaptera).  Of  the  Orthoptcra  jemiina  there  are 
three  divisions,  the  Cnrsoria,  to  which  the  Cockroaches  belong ; 
the  G^>r8SonV^ comprising  the  Mantida*  iimX  Phnsmida\  or  Stick- and 
Leaf-insects  and  their  allies ;  and  the  Sffltatoria,  including  the 
Grasshopi)ers,  Locusts,  and  Crickets.  The  division  Cursmna  com- 
prises the  single  family  of  the  Cockroaches (Blattida),  characterised 
by  the  deflexed  head,  the  flat  oval  body,  the  large  prothoracic 
tergum,  the  long  antenna?,  the  three  pairs  of  legs  similar,  with 
large  coxa*  entirely  covering  the  sternal  surface  of  the  thorax,  the 
five-jointed  tarsi,  and  the  prasence  of  anal  cerci.  Periplaneta 
belongs  to  a  section  of  the  family  distinguished  from  the  rest  by 
the  femora  being  spiny  underneath,  and  by  the  valvular  character 
of  the  last  sternum  in  the  female. 


Fio.  4T7.— Section  through  ti 
tbtegumcbt  at  ma  tnseCI 

nil.'.Ujoni  of  the  cuUtie 


3.  Gexeral  Organisation. 

The  exo«keletoii  of  the  Insecta(Fig.  477)coDsist5ut'achitinous 
cuticle  (eul.),  which  varies  in  hardnesa  and  thickness  in  different  In- 
sects.and  in  different  parts  of  the  body  of  the  same  Insect,  but  is  very 
rarely  calcified.  Frequently  it  presents  hexagonal  markings ;  some- 
times it  is  perforatoa  by  mimerous  porea ;  sometimes  it  in  covered 
with  thin  scales  ;  in  many  cases  it  is  developed  into  toftile  hairs  or 
setiF,  which  may  be  scattered  over  the 
body,  or  may  be  located  only  on  ceiteiu  of 
the  appendages — the  antennEe,  the  maxil- 
lary and  labial  palpi,  and  the  tarsi  of  the 
legs.  In  some  glands  are  present  in  the 
in  tegii  m  ent — odori  ferous ,  honey  -secreting, 
or  wax -forming  glands :  poison  glands  are 
present  in  connection  with  an  abdominal 
sting  in  certain  insects ;  spinning  glands, 
forming  a  silky  material,  are  confined  to 
the  larvEG. 

The  head  presents  no  trace  of  seg- 
mentation, but  the  history  of  its  develop- 
ment indicates  that  it  may  be  looked  upon 
as  composed  of  a  prostomium  and  about  five  segments,  intimately 
united  together.  It  varies  a  good  deal  in  shape,  but  always  presents 
the  regions  that  have  already  been  described  in  the  case  of  the 
Cockroach.  Sometimes  the  head  is  sunk  within  the  anterior  part  of 
the  thorax ;  sometimes  it  is  free  from  the  latter ;  and  there  may  be, 
as  in  the  Cockroach,  a  short  narrow  region  or  iu-clc,  covered  with 
soft  skin,  supported  only  by  isolated  cei-vieal  sckntes,  intervening 
between  the  two  on  the  venti-al  aspect. 

The  three  segments  of  the  thorax — yo-,  wirso-.  and  mtUi-thvrax 
— are  usually  firmly  united  together ;  but  in  some  Insects  the  pro- 
thoras  is  movable  upon  the  other  segments:  it  is  usually  the 
smallest  of  the  three  segments.  In  each  the  exoskeleton  consists 
of  dorsal  or  tergal  and  ventral  or  sternal  elements,  sometimes 
separate  from  one  another  laterally,  sometimes  united  together  in 
such  a  way  as  to  form  complete  rings  round  the  segments.  Laterally 
projecting  processes  or  pteum  are  sometimes  developed. 

The  abdomen  contains  from  seven  to  eleven  segments,  enclosed 
in  tergal  and  sternal  shields.  In  some  Insects  the  fin<t  abdominal 
segment  is  united  with  the  thorax  so  as  to  appear  to  belong  to 
the  latter  region. 

The  appendages  of  the  head  are  four  pairs,  as  in  the  Cock- 
roach ;  but  .1  ii,ii-~iilcr;ililr  variation  is  observable  in  the  different 
orders,  e.s|"-riail\  a-,  r.'garfls  the  jaws.  In  a  few  eyes  are  absent. 
Most  have  laiyi.'  uoiiiijniiiid  or  faceted  eyes,  and  many  have  simple 
eyes  or  ocelli  iis  well ;  in  a  few  groups  tiie  latter  are  alone  present. 
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The  nntennse  vary  in  shape  in  different  groui)3,  and  sometimes 
even  in  the  sexes  of  the  same  species.  They  are  sometimes  taper- 
ing, sometimes  moniliform,  sometimes  club-shaped,  sometimes 
pectinate,  sometimes  plume-like.  In  addition  to  functioning  as 
tactile  appendages  they  bear  the  olfactorj-  sets.  The  mandibles 
are  always  one-jointed,  and  differ  from  those  of  the  Crustacea  in 
never  being  provided 
with  a  palp.  An  arrange- 
ment of  the  mouth - 
parts  adapted  for  biting 
or  chewing  has  already 
been  described  in  the 
case  of  the  Cockroach. 
This  type  is  character- 
istic of  the  order  Or- 
thoptera,  to  which  the 
Cocltroach  belongs,  and 
a  very  similar  type  char- 
acterises the  Cofeoptera. 
In  the  H^nnenoptem 
(Fig.  478)  the  mouth 
parts  are  adapted  both 
for  biting  and  fur  licking 
and  sucking ;  the  mandi- 
bles (md.)  nnfl  niaxillte 
(mx^.)  are  sharp  and 
lancet-like,  the  middle 
part  of  the  labium  is 
produced  into  a  long 
median  tongue  (lignln. 
It.)  at  the  sides  of  which 
are  a  pair  of  accessory 
tongues  <)r  jMr/rty/odste 
(prff.).  In  the  Hemip- 
tera  there  is  a  proboscis 
formed  from  the  labium 
enclosing  the  stylet- 
like mandibles  and  maxilla'.  In  the  I>i|)ton»  (Fig.  470)  the 
mandibles  (wi''.>,  usually  not  develoi)cd  in  the  males,  are  biting  ur 

C;ing  orgjms,  while  the  basal  jKirts  of  the  labium  form  >\  pro- 
is  imx-.)  enclosing  a  spine  or  seta  (Aj>.),  which  is  a  process 
from  the  hupu-phaniiu: — a  chitinous  process  on  the  roof  of  the 
mouth,and .'*omt-times  stylet-like maxilhe ( wi.*'.).  In  the Lepidoptera 
(Fig.  480)  the  mandibles  are  aborted  in  the  adult,  and  the  nrnxilloe 
are  develc)iKHl  into  elongatc-d  hatf-tuU-s,  which  when  applied 
together  lorm  a  greatly  elongated  tithe  {sr.)  ca]>able  of  Ix'ing 
•coiled   up    in   a   spiral   maimer  under   the  head,  the   extn^'mity 


aoalilflck) i  U.  Iho  twu  islm    _,_ 

U.  lltfuln  ;  M.  iiHniliiia :  hm.~i-<,  llrM  p^r  •>t  iduIUib 
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provided  with  hooks  or   spines   for   ni]jturiiig   the   nectaries   of 
flowers. 

Appendages  of  the  thorax. — Each  of  the  segments  of  the 
thorax  beiii--  i  jjiii  ul  live-jointed  legs;  the  terminal  section  or 
tarsus  being  madL  up  df  a  number  of  short  segments  and  ending 
in  a  pair  of  clawi,  often  with  an  adhesive  pad  or  sucking  disc 
between  them  In  accordance  with  differences  in  the  uses  to 
which  they  are  put  considerahle  differences  are  observable  in  the 
form  of  the  legs  in  different  groups  of  Insects.  In  most  they  are 
adapted  for  walking,  and  are  long  and  slender ;  in  some  they  are 


expimdcd  to  enable  them  to  act  as  swimming  piiddles;  in  some 
the  first  pair  are  prehenailf,  and  develop  a  aub-chelate  extremity ; 
in  others  again  the  legs,  or  the  first  pair  of  them,  are  stout  and 
adapted  for  burrowing.  In  addition  to  the  legs  the  raeso-  and 
meta-thorax  may  each  bear  a  pair  of  vnmjs.  The  wings  are  thin 
transparent  expansions  of  the  integument  of  the  body,  supported 
by  a  sratem  of  branching  ribs  or  iiei'Eurts  consisting  of  chitinous 
material  with  branches  of  the  tracheie,  nerves,  and  tubular  diver- 
ticula of  the  body  cavity.  In  most  Lepidoptcra  the  wings  are 
opaque,  owing  to  their  being  covered  with  numerous  overlapping 
microscopic  scak's.  to  which  the  various  colours  of  the  wing  are 
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due.  In  some  Iiifwcts — i\g.  Bi'etles  and  Orthoptem — the  posterior 
wings  alone  arc  delicate  and  membranous,  the  anterior  pair  being 
converted  into  ha«i  or  tough  caHes — the  elytm — which  when 
folded  up  cover  over  and  protect  the  delicate  pnstenoi  wings. 
In  some  Beetles  the  eljtra  are  permanently  uniteJ  togLther  along 
the  back  of  the  Insect.  In  some  Insects  (Mugs)  the  anterior  wmga 
are  chitinous  at  the  bases  only.  In  the  Uiptera  the  anterior 
wings  alone  are  developed,  the  posttfrior  being  r(.presented  by 
vestiges — the  A«i/fn'«  or  balanceifi.  In  thi  Sti' ji-iptii-t  or  Bee 
]>ara9it(!s,  an  aberrant 
group  of  Neiiroptera,  on 
the  other  hand,  it  is  the 
anterior  pair  that  are 
mdimentai^-.  In  some 
Insects  (Spring- tails,  Lice, 
Fleas)  wings  art'  entirely 
absent  in  all  stages.  In 
others  again  they  are 
present  in  one  sex — 
usually  the  mak — Eind 
absent  in  the  other.  In 
the  Aptera  there  is  no 
vestige  whatever  of  wings 
at  any  stage,  and  this, 
t&ken  in  connection  with 
the  simplicity  of  the 
structure  in  other  re- 
sects, seems  to  indicate 
that  in  these  Insects  we 
have  to  do  with  the  de- 
scendant'* of  a  primitive 
group  in  which  wings 
had  not  vet  become  de- 
,-eloi 


velom."d. 
Tlie 


u-gnieiits   of   the 
abdomen     are    eotirelv 


IniiitULe.     Lett       ... 

tl  pulp;   pMjiulp  uf  Um  mi.tcrttir  niu 

Jng  mho.    (Frmo  UuiB-) 


devoid     of     paired     ap- 
pendages   in   the    adult   condition   (except   in   the   Thj'sanum), 


though  vestiges  of  them   may  be  present 
early  stage.      Each   segment  is   enclosed 


the  young  at  t 
dorsal    tergal    and 


entml  sleriu'l  plates,  which  nsnally  remain  separate  laterally,  but 
may  be  united.  At  the  extremity  of  the  abdomen  there  are 
friijucntly  appendages  which  are  perhaps  of  the  nature  of  limbs, 
ha\'ing  thf  function  of  stings,  ovipositore,  and  genital  processes. 

MsmoctBle. — The  cavity  intervening  in  an  Insect  oelwecn  the 
bodv  wall  iiud  the  various  internal  organs  does  not  correspond 
as  already  ex  plain  11 1  (p.  57C)  tti  the  co-lome  of  other  grouijs;  but  Ls 
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found  when  we  study  its  mode  of  development,  to  be  a  Juvmoeale 
— an  extended  part  of  the  blood- vascular  system.  The  ccelome 
is  apparently  represented  only  by  the  lumen  of  the  reproductive 
organs. 

A  fkt  body  is  always  present,  either  in  the  \a.rvr\\  condition  or 
throughout  life.     It  consists  of  a  mass  of  polygonal  cells  bounding 
the  hfenioccBle  externally.     When  young  the  cells  are  nucleated 
and  possess  a  protoplasmic  body.     At  a  later  stage  a  fluid  loaded 
with  minute  granules  takes  the  place 
of  the  protoplasm,  and  crj-stats  con- 
taining  uric  acid  are  formed ;   these 
crjstala  afterwards  become  absorbed : 
their  appearance  and  subsequent  ab- 
sorption would  seem  to  point  to  the 
probability  that  the  fat  body  is  con- 
cerned in  the  separating  out  of  nitro- 
genous waste  matters,  subsequently  to 
reach  the  exterior  through  the  Mal- 
pighian  tubes. 

SlgestiTe  Bystem Some  Insects 

do  not  feed  in  the  adult  condition. 
and  when  this  is  the  case  the  mouth 
may  be  absent,  as  for  example  is  the 
case  in  the  Day-flies  (JSphe-merida:). 
When  a  mouth  is  developed,  as  it  is 
in  the  vast  majority  of  Insects,  it  is 
situated  on  the  lower  aspect  of  the 
head,  bounded  in  front  by  the  labnim, 
and  behind  by  the  labium.  It  leads 
into  the  buccal  cavity,  into  which 
open  the  ducts  of  a  pair  of  salivary 
gltfnds,  each  of  which  often  has  asso- 
ciated with  it  a  thin-walled  sac  or 
salivary  receptacle.  Also  in  the  neigh- 
bourhood of  the  mouth  oyien,  in  such 
larval  Insects  as  spin  a  cocoon,  the 
ducts  of  a  pair  of  spinning  glands,  A 
projection  of  the  roof  of  the  mouth 
cavity  {epiphargnx)  is  present  in  some 
Insects;  in  others  it  ia  replaced  by  a  projection  from  the  floor, 
the  hypopMrynx  or  lingua. 

The  alimentary  canal  is  nearly  always  considerably  longer  than 
the  body ;  it  is  longer  in  vegetable-feeding  than  in  carnivorous 
forms.  The  mouth  leads  into  a  long,  narrow  passage — the  asopkagua 
(le.)  (Figs.  481  and  482) — which  dilates  behind  into  a  crop  (in.)  for 
the  storage  of  food.  The  place  of  this  in  sucking  Insects  is  taken 
by  a  stalkeil  sac.  usually  termed  th<^  siick-hiif  slomac/i.    The  essentia! 
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processes  of  digestion  are  carried  on  in  an  elongated  chamber  with 
glandular  walls — the  chi/le  stomach  or  chylifie  ventride  (erf) — which 
may  be  divided  into  several  parts.  Sometimes  between  the  crop 
and  chyle-stomach  is  intercalated  a  muscular-walled  chamber,  fre- 

Xientlycontainingchitinoua  teeth,  the  prOT.vjiinCT(/w3  or  yisjan/(^',), 
ppended  to  the  chylific  ventricle  at  its  anterior  end  are,  in  many 
Insects,  a  number  of  tubular  blind  pouches,  the  hrpntic  cam.  At 
its  junction  with 
the  small  intestine, 
or  further  back, 
there  open  a  num- 
ber (from  2  to  over 
1 00 )  of  narrow  tubu- 
lar appendages,  the 
Malpighian  tubes 
{vm.},  which  are  the 
organs  of  renal  ex- 
cretion. In  the  cases 
in  which  the  de- 
velopment of  thi- 
alimentary*  canal  ha.s 
been  traced,  it  has 
been  found  that  the 
Malnighian  tube» 
ninrlc  the  point 
where  the  mesen- 
temn  pa.sses  into  the 
proctodipuni,  and  it 
IS  assumed  that  thi^i 
holds  good  gene- 
rally. The  lumen 
of  the  tnbes  is 
sometimes  tilled  up 
with  cells.  In  sniuo 
insects,  the  Mal- 
pighian tubes  open 
into  a  pair^  or 
unpaired  sac — the 
urinari/  hlnihhr. 
The  intestine  is  usually  elongated,  its  posterior  portion  («/.)  is 
dilated  to  form  a  wide  rectum  (r.).  which  opens  on  the  exterior 
by  an  ana)  aperture  situated  on  the  ventrsl  side  of  the  last 
segment  of  the  abdomen.  Atuil  glands  (ad.),  producing  an 
odoriferous  secretion,  often  open  into  the  rectum. 

The  tracheal  lyrtem  (Fig.  iSS)  communicates  with  the  ex- 
terior through  a  number  itf  apertures — the  aiigmnta  (*(.) — which 
viirv  in  the  details  of  their  arrangement  in  the  different  orders. 
vol..  I  Q  Q 
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They  are  filways  protected  against  the  entry  of  foreign  ]mvticle8 
by  Home  means — either  by  being  aurrounded  by  special  himdles 
of  hairs,  or  by  being  closed  in 
by  a  special  sieve-like  membrane. 
In  all  eases  they  are  capable  uf 
being  closed  by  muscular  action. 
In  some  Insects,  mainly  those 
adapted  for  active  flight,  such  a.s 
the  HjTnenoptera,  trie  tracheal 
system  is  dilatetl  in  certain  parts 
of  the  body  to  form  comjMiratively 
large  air  siifs  or  air  reservoirs  (tb.). 
In  the  aquatic  larvie  of  some 
Insects  there  is  a  series  of  soft 
external,  simple  or  divided,  pro- 
cesses— the  tmeiital  gills  (Figs. 
483) — attached  to  the  abdominal 
se^ents.  and  richly  supplied 
with  IracheiH,  which  hiwi'Hocom- 
municatiiiii  with  tin'  ixtiTior. 
The  blood-vascular  svsteni 
^■,TC^:«V-T«,:;r  """"  is,  in  colniKirisuii  Willi  the  "other 
systems     of    organs,    not     very 

highly    developed,  the   need  of  an   elaborate  system  of  vessels 

being  greatly  diminished  by  the  way  in  which  all    the  tissues 

and    organs    ai-e   supplied   with   oxv-gen 

through   the   system    of  tracheEP.      The 

blood  is  colourless  or  faintly  yellowish  or 

greenish,  and     contains    colourless    cor- 
puscles.     A   contractile   dorsal  vessi'l   or 

heart  (Fig.  484)  extends  through  the  ab- 
domen, immediately  below  the  terga.     Its 

cavity  is  divided  intenially  into  a  series 

usually  of  eight  chambers  by  a  system 

of  valves.     In  its  walls  are  a  series  of  slits 

or  oslin,  by  which   a   communication    is 

effected  between  the  internal  cavity  and 

a  surrounding  pericardial  sintts.    In  front 

the  heart  gives  origin  to  a  main  vessel,  or 

ao?'(B(a),  by  means  of  which  the  blood  i.s 

conveyed  throughout  the  body  to  enter  a 

system  of  sinuses  in  free  communicatii  m 

with   the   general  body  cavity,  from   the 

various  parts   of  which  it  finds  its  way 

bock  to  the  jxiri cardial  sinus. 

The  nervous  lyitem  (Figs.  482  and  485)  is  on  the  same  general 

plan  as  in   the  C'rustucea.     There  is  a  double  siipra-ci 
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ff'iiii/lion  or  bmin,  a  mb-wsoph/igml  ganglion,  also  double, and  n  series 
of  tkoraric  and  <iMominal  pairs  of  ganglia,  which  are  clossely  united 
ti|gether  in  the  middle  line.  The  brain  is  relatively  large  in  the 
higher  Insects,  and  is  divided  into  several  lobes.  It  gives  otF  nerves 
to  theantennieand  ocelli  and  the  Inbnim.and  on  each  side  it  gives 
off  a  large  lobe — the  <^ie  ganglion. — on  which  the  eonipinind  eye 
rests.  A  pair  of  asoplwgral  eonnfcHres  pass  backwards  on  either 
siffe  of  the  month  from  the  brain  to  the  siib-tesophageal  ganglia. 
These  connectives  are  very  short,  and,  as  a  consequence,  the  brain 
and  sub-oesophageal  ganglia  are  clonely  approximi^ted.     From  the 
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latter  there  originate  nerves  to  the  appendages  of  the  moiuh — the 
mandibles  and  two  pairs  of  maxillse.  There  ar-J  Bometimes  three 
pairs  of  thoracic,  and  as  many  as  eight  of  abdominal  gnnglia  in 
the  adult  insect ;  but  in  many  cases  there  is  a  gnater  nr  less 
degree  of  concentration  of  the  ventral  ganglionic  chain  (Fig,  485). 
and  in  some  of  tho  Diptera  this  reaches  such  an  extreme  that  all 
the  ventral  ganglia,  with  the  exception  of  the  aub-iftsopbagi-al,  are 
united  into  one  continuous  elongate  mass.  The  Inserts,  like  the 
higher  Cnistacea,  possess  a  ritceral  or  sgmpathttie  nervous  system, 
connected  with  the  (esophageal  connectives  and  |iaBsing  backwards 
on  the  o-sophagus  and  crop. 

The  most  highly-developfl  organs  of  special  aenie  are  tho 
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large  compound  ri/cs.  The  surface  of  the  compound  uye  is 
marked  out,  as  in  the  case  of  the  Crayfish,  into  a  great  number  of 
minute  hexagonal  facets,  each  of  which  represents  one  of  the 
elements  (ommaliditt)  of  the  eye.  Of  these  there  may  be  as 
many  as  28,000  (dnigon-f!y).  When  the  eye  is  examined  in 
section,  each  ommatidiurii  is  found  to  consist  of  a  cornea-lens,  the 
outer  aurtace  of  which  forms  the  facet,  a  a-ystalline  cotie,  and  a 
rhabdome.  The  crystalline  cone  is  not  always  developed,  its  place 
being  taken  in  the  eyes  of  some  Insects  by  four  crystal  cells.  The 
rhabdome  is  an  elongated  rod.  Beneath  the  rhabdomea  is  a 
fejtestrate  nicmhranc,  beneath  which  again  is  a  dense  plexus  of 
nerve-fibres.  Nerve-fibres  pass  through  the  fenestrate  membrane 
and  terminate  in  a  delicate  sheath  which  incloses  each  rhabdome, 
the  sheath,  together  with  the  ner\'ea  that  end  in  it,  constituting 
the  retinula.  Pigment  surrounds  the  crjatalline  cones  and  retinula?. 
The  ocelli,  or  simple  eyes  (Fig.  486),  consist  of  a  bi-eonvex 
transparent  thickening  of  the  cuticle — the  lens — and  beneath  it 
of  a  group  of  specially 
modified  epidermal  cells. 
Of  these,  some,  situated 
beneath  the  lens,  form 
a  transparent  mass,  the 
vitrc<nis  body  ;  another 
set  of  elongated  cells 
being  arranged  to  form 
the  retina. 

The  antennae  and 
palpi  are  the  organs 
of  tmtrh,  and  these 
appendages  seem  to  be 
also  the  seat  of  the 
dfact&ry  setise.  A  num- 
ber of  minute  processes 
sometimes  sunk  in  pits,  and  each  having  a  special  nerve-plate 
connected  with  it,  are  regarded  as  being  specially  concerned 
with  this  sense,  and  similar  processes  or  pits  on  the  maxillse 
and  the  epipharjTix,  are  perhaps  connected  with  the  sense  of 
taste. 

Peculiar  nerve-endings,  supposed  to  be  auditory,  have  been 
foimd  in  the  most  various  parts  of  the  body.  Each  consists  of  a 
ganglion-cell  (Fig.  487,  jJ.)  giving  off  a  process  which  is  inclosed 
in  an  elongated  tube,  and  which  ends  externally  iu  a  slender 
rod  (se.).  Groups  of  these  are  associated  togcthtT  to  form  the 
auditory  organ. 

In  certain  Insects — the  Fireflies  and  Glowworms — belonging  to 
the  order  Coleoptera,  there  occur  organs — the  luminoua  or^ani — 
for  the  production  of  light. 
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Soundi  are  emitted  by  many  Insects  and  are  produced  by  a 
variety  of  diflferent  means.  Often  the  sound  h  the  result  of  the 
rubbing  together  of  opposed  rough  surfaces  of  the  integument. 
The  chirp  of  the  Grass- 
hopper, for  example,  is 
produced  by  the  rubbing 
of  the  femur  of  the  last 
pair  of  legs  over  a  series 
of  ridges  in  the  anterior 
wing,  and  that  of  the 
Locust  by  the  rubbing 
against  one  another  of  the 
roughened  basal  parts  of 
the  first  pair  of  wings. 
In  other  cases  the  sound 
results  from  the  rapid 
vibratory  movement  of  the 
wings ;  this  is  the  case 
with  the  buzzing  of  many 
Diptera  and  Hymenoptera. 
Again,  the  humming 
Kounds  characteristic  of 
many  of   the   last-named 

order  are  produced  partly  by  the  vibrations  of  the  winga  in  flight, 
partly  by  the  vibration  of  leaf-like  appendages  in  the  tracheje,  set 
in  motion  W  strong  expiratory  currents  of  air.  The  loud  shrill 
note  of  the  Cicada  is  produced  by  the  rapidly  recurring  contractions 
of  the  fibres  of  a  muscle  inserted  into  a  stiff  chitinous  membrane, 
the  result  being  a  series  of  crackling  sounds,  which  follow  one 
another  so  rapiclly  as  to  give  rise  to  a  continuous  note. 

RaproductlTe  organs. — The  sexes  are  always  separate  in 
Insects,  as  in  Arthropoda  in  general :  and  the  males  and  females 
are  very  commonly  distinguishable  from  one  another  by  various 
modifications  of  form  and  of  coloration.  There  are  t\\\>  ovaries 
each  of  which  consists  of  a  greater  or  smaller  number  of  narrow 
tubes  or  ovarioles ;  in  each  of  these  the  ova  are  arranged  in  a  single 
row:  the  early  stages  in  their  fonnation  being  situated  at  the 
anterior  end,  the  more  mature  ova  towards  the  jiosterior  extremity. 
E^h  group  of  ovarian  tubes  opens  into  a  lateral  oviduct,  and  the 
two  lateral  oviducts,  right  and  left  (Fig.  -WK.  A,  «/.),  unitv  behind 
to  form  a  median  oviduct  or  vagina  {rg.\  which  opens  on  the 
second  last  segment  of  the  abdomen.  Connected  with  this  median 
oviduct,  or  opening  close  to  it,  are  nceptacula  seminis  (m.)  and 
colUUrial  or  cement  glands  {ad.).  Usxially  there  is  a  copulatory  sac, 
or  bursa  coptilntrix  (nr«.).  In  the  male  the  pained  testes  {B,  t.) 
consists  each  of  one  or  more  long  narrow  tubes,  which,  when  more 
than  one  are  present,  unite  into  a  ras  drfcrats  {M,  vd.),  the  two 


vasa  cleferentia  uniting  to  fomi  a  median  ejaculatory  duct.  A 
vesicula  seminalis  is  appended  to  each  vas  deferens  or  to  the 
ejaculatory  duct.  Accessory  glands,  opening  into  the  vas  deferens 
or  the  ejaculatory  duct,  secrete  cementing  material  for  uniting  the 
sperms  into  masses,  the  spcrmalophoi'es.  In  moat  instances  the 
eggs  are  laid  shortly  after  their  fertilisation,  only  a  few  forms,  such 
as  the  Aphides  or  Plant-lice,  many  Diptera,  and  some  Cole<>ptera, 
being  viviparous.  Some  Insects,  such  as  the  Aphides  and  Bees 
and  Wasps,  as  well  as  some  Lepidoptera  and  Neuroptera,  present 
us  with  the  unusual  phiinomenon  of  parthenogenesis ;  i.e.  ova  are 
formed,  as  in  ordinary  female  insects,  in  organs  corresponding  to 
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the  ovary  of  the  latter,  and  these  are  developed  without  fertilisa- 
tion. In  the  case  of  the  Aphides,  an  autumn  generation  of 
completely  developed  males  and  females  is  followed  by  a  spring 
generation  consisting  entirely  of  females;  these  are  both  jtar- 
thenogenetic  and  viviparoua  In  the  Bees,  the  workers  (imper- 
fectly developed  females)  occasionally  produce  ova  which,  without 
fertilisation,  develop  into  drones  (males).  In  one  or  two  groups, 
including  the  Scale-Insects  (Coccidw)  and  Gall-Insects  {Cifnipidte), 
males  are  never  developed,  so  that  reproduction  is  exclusively  par- 
thenogenetic.  Picdogenesis  accompanies  parthenogenesis  in  certain 
Diptera ;  i.e.  the  /hj'we  produce  ova  and  embiyos  without  impreg- 
nation. 

The  eggs  when  laid  are  protected  from  injury  by  a  number  of 
methods ;  they  may  be  firmly  fixed  to  the  substratum,  buried  in 
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the  earth,  or  laid  in  the  interior  of  certain  plants  or  even  of 
animals.  The  deposition  of  the  eggs,  by  means  of  ovipositors,  in 
the  leaves  or  other  parts  of  plants  gives  rise  to  swellings — the 
so-called  galls,  in  the  interior  of  which  the  young  Insects  live. 
In  the  case  of  many  Insects  the  eggs  are  enclosed  in  a  cocoon ;  in 
others  they  are  enclosed  in 

felatinous  or  waxy  material, 
'he  eggs  are,  for  the  most 
part,  of  relatively  considerable 
size.  In  form  they  vaiy,  but 
the  long  oval  prevails  in  most 
instances.  The  ripe  egg  is 
enclosed  in  two  egg- mem- 
branes— an  inner,  the  vitel- 
line membrane,  produced  by 
the  egg  itself,  and  an  outer, 
the  chorion,  formed  from  the 
follicle  cells.  The  chorion, 
which  usually  exhibits  a  more 
or  less  elaborate  pattern,  has 
one  or  more  apertures  or 
micropyles  for  the  entry  of 
the  sperm.  The  contents  are 
distinguishable  into  two  layers 
— a  superficial,  consisting  of 
protoplasm,  and  a  central,  of 
nutrient  yolk. 

Development. — The  seg- 
mentation is  usually  of  a  tj~pe 
already  referred  to  (p.  551) 
as  very  common  among  the 
Crustacea,  viz.,  the  super fi- 
eial  segmentation.  The  actual 
segmentation  (Fig.  489)  has 
omy  been  observed  in  the 
case  of  certain  Insects  with 
very  little  yolk ;  but  there 
can  be  very  little  doubt  that 
in  ordinarv'  forms  with  abund- 
ant yolk  the  process  is  in 
essence  the  same.  The  seg- 
mentation-nucleus, originall)'  situated  near  the  middle  of  the 
ovum,  divides  into  a  number  of  nuclei,  and  most  of  these  migrate 
towards  the  surface,  and  arrange  themselves  in  the  form  of  a 
sphere  almost  parallel  with  the  latter ;  eventually  they  reach  the 
suT&ce  and  coalesce  with  the  peripheral  protoplasm,  which  then 
becomes  divided    into  cell-areas  corresponding  with  the  nuclei. 


600 


ZOOLOGY 


SECT. 


The  layer  of  cells  thus  formed  constitutes  the  blastoderm.     This 

thickens  along    one    side    to 
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form  the  ventral  ^^Za^^,  as 
already  described  in  the  case 
of  the  Cockroach  (p.  581),  and 
the  changes  which  this  struc- 
ture imdergoes,  together  with 
the  mode  of  formation  of  the 
appendages,  are  similar  in 
most  members  of  the  class. 
The  same  holds  good  of  the 
formation  of  the  amnion  and 
the  development  of  the  en- 
doderm.  In  some  cases  there 
is  developed  between  the 
serosa  and  the  true  amnion 
a  space  filled  with  yolk,  and 
the  venti'al  plate  appears  sunk 
within  the  yolk.  The  nervous 
system  is  developed  from  the 
ectoderm  in  the  manner  in- 
dicated in  the  account  of  the 
development  of  the  Cockroach 
(p.  582).  The  tracheal  system 
is  derived  lix)m  a  series  of 
pairs  of  segmentally  arranged 
ectodermal  involutions  (Fig. 
492,  St.) 

Metamorphotii. — In  some 
instances  the  young  Insect, 
when  it  escapes  from  the 
egg-membranes,  has  exactly 
the  form  of  the  parent,  ex- 
cept that,  as  a  rule,  the 
wings  have  not  yet  grown. 
But  in  most  cases  there  is  a 
metamorphosis.  In  some  this 
is  comparatively  slight  and 
gradual,  the  adult  Insect  dif- 
fering from  the  lar\a  only  in 
comparatively  unimportant 
points,  and  the  segments  and 
appendages  of  the  latter  be- 
coming directly  converted  into 
those  of  the  former.  Such  a 
metamorphosis,  in  which  there 
is  no  quiescent  stage,  is  said  to  be  incompUU,     The  t^rm  compldc 


anui 


Flo.  490.— A— 4.\  traiMiTersc  sections  through  the 
developing  ov\im  of  an  IlUi^et  at  succeMdve 
stage*  to  show  the  mode  of  development  of 
the  germinal  la^rers  and  of  the  amnion, 
a  MM.  amnion;  awii. /.  UAd  of  the  anxnion; 
fimn,  cni\  cavity  of  the  amnion ;  b(a*t,  blasto- 
derm covering  the  yolk  ;  <rt.  ectoderm ;  m*/. 
cudiMierm ;  ftut^  invagination  of  ventral 
]Uate;  «(r.  seroaa;  tmt.  pi,  ventral  plate; 
%k.  viUk.    (After  Korschelt  and  Heider.) 
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is  a))pli<.'tl   to  the  metamorphosis  uf  the  majority  of  Insects,  in 
which   thf  larva  (liflfers  so  completely  from  the  imago,  or  perfect 


nuxill*'  n:  Pi'  Pii  IhundvBn:  pt.  ii.  p:.  n.  rudlui<ut>  uf  tha  apiHudngi*  of  iia  t.  ... 
ijLOt.  *(t«i  Hildcr.) 

Insect,  in  txteraal  fonii,  the  nature  of  the  appendages,  and  the 
internal  organisation,  tlat  there  i-s  need  of  a  quiescent  or  pit/m 
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stase,  during  which  the  whole  animal,  or  a  considerable  part  of  it, 
uncfergoes  an  entire  transformation.  The  metamorphosis  is  com- 
plete in  the  Diptera,  Lepidoptera,  Coleoptera,  and  Hymenoptera, 
absent  or  incomplete  in  the  other  ordurs.  In  the  most  lowly 
organised  larvte  (many  Diptera)  the  body  of  the  larva  or  "  maggot " 
is  completely  worm-like,  without  any  appendages,  and  without 
any  distinct  head.  In  other  cases  (LepKloptera.  &c.),  there  is  a 
distinct  head ;  the  three  thoracic  segments  have  three  pairs  of 
jointed  legs,  and  the  abdominal  segments  short  unjointed  pro- 
legs  (Fig.  475).  In  most  instances  the  larvae  differ  widely  from  the 
adults  in  their  food  and  mode  of  life ;  very  generally  the  jaws  are 
aijapted  for  biting,  even  when  the  month  of  the  adult  is  suctorial. 
After  a  longer  or  shorter  period  passed  in  this  larval  condition,  in 
which  it  is  usually  active  and  very  voracious,  the  young  Insect 
passes  into  a  quiescent  or  pupa  condition,  during  which  it  reraainu 
passive,  enclosed  in  a  tough  integument,  while  a  more  or  less 
complete  reconstruction  of  the  organs  goes  on,  resulting  in  the 
development  of  all  the  parts  of  the  perfect  Insect.  The  develop- 
ment of  the  new  parts  takes  place  trom  certain  patches  of  cells, 
the  vmaginal  discs,  present  in  the  larva. 

In  the  Diptera  the  larva  or  maggot  is  sometimes  completely 
devoid  of  jaws.  In  some  Diptora,  however,  the  jaws  are  well 
developed,  and  there  is  a  distinct  head.  After  frequent  moultings 
the  maggot  passes  either  into  a  quiescent  or  pupa  stage  inclosed 
in  a  hard  skin,  or  into  the  stage  of  an  active  aquatic  pupa,  which 
swims  about  actively  in  water  and  may  possess  tracheal  gills. 

In  the  Lepidoptera  the  larvff  ("  caterpillars  ")  are  worm-like,  but 
with  well-developed  jaws,  three  pairs  of  jointed  thoracic  legs,  and 
a  number  of  unjointed  stumpy  abdominal  legs.  Lepidopterous 
larvie  are  often  brilliantly  coloured,  and  are  very  active,  and  feed 
with  voracity,  chiefly  on  leaves  and  other  succulent  parts  of  plants. 
Eventually  they  spin  a  cocoon  of  a  silky  substance,  inclosed  within 
which,  and  covered  with  a  tough  skin,  they  pass  through  a 
quiescent  or  pupa  condition — the  condition  of  the  chrysalis  (Fig. 
475).  From  the  interior  of  this  the  imago  subsequently  emerges 
with  all  the  parts  of  the  adult  Insect  fully  formed. 

In  mode  of  lift  there  is  a  very  considerable  difiference  between 
different  orders  and  families  of  Insects.  Some  are  parasites  in  the 
strict  sense  throughout  life.  This  is  the  case,  for  instance,  in  the  ' 
Strepsiptera  (Bee-parasites),  the  females  of  which  live  permanently 
ensconced  between  the  joints  of  the  abdomen  of  their  hosts.  The 
Lice  and  Bird-lice  are  external  parasites  throughout  life  ;  Bugs  and 
Fleas,  though  not  adhering  to  their  hosts,  are  parasites  as  regards 
their  diet.  Many  Insects  are  parasites  in  the  larval  condition, 
though  free  in  the  adult  state.  This  holds  good,  for  example,  of 
the  lar\-ie  of  the  Ichneumons,  which  develop  m  the  interior  of  the 
bodies  of  other  insect -larv a; ;   also  of  the   larvie  of  the  Bot-flies 
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<Fig.  474),  which  inhabit  the  alimentary  canal  uf  aiaiumalian  hosts 
(Horses,  Oxen,  Sheep,  Rhinoceroses,  Tapirs). 

In  accordance  with  the  high  grade  of  the  stnictnre  of  their 
various  systems  of  organs.  Insects  exhibit  a  corresjxindingly  high 
degree  of  functional  activity.  The  quantity  of  food  consumed 
and  aasimilatcd  is  great  in  companson  with  the  bulk  of  the  body, 
and  the  energy  expended  in  muscular  contractiomt  is  of  verj'  con- 
siderable amount.     It  is  estimated  that  while  the  mustcular  force 


(A.pls  meUiacB). 


exerted  by  a  Hoi-se  bears  a  ratio  of  about  0'7  to  its  own  weight 
(reckoned  as  1)  the  muscular  force  of  an  Insect  bears  a  ratio  to 
its  weight  of  from  about  14  to  atxjut  23.  Insects  are  also  dis- 
tinguished among  the  Invertebrata  by  the  keenness  of  their 
senses.  The  sense  of  sight  is,  as  we  should  expect  from  the 
elaborate  chamcter  of  the  optic  organs,  the  most  highly  developed, 
many  Insects  having  been  shown  by  experiment  to  have  a  keen 
sense  of  colour ;  but  a  sense  of  smell,  the  seat  of  which  is  in  the 
antenna;,  can  be  shown  to  exist  in  a  high  degree,  and  the  jtarts 
about  the  mouth  bear  nerve-endings  concerned  in  a  well-developed 
sense  of  taste.  Asenseof  hearing  does  not  appear  to  be  universally 
present,  but  is  well  marked  in  such  forms  as  produce  sounds.  At 
the  same  time  Insects  are  remarkable  for  the  instincts,  often  leading 
to  results  of  an  elaborate  character,  which  guide  them  in  the  pursuit 


.  (PonnlcB  mTa}:  mnlo, 


of  food  and  the  protection  and  rearing  of  their  young.  Among 
the  insects  which  are  the  most  highly  endowed  in  this  respect  aiv 
some — the  Ants,  Bees,  Wasps,  and  Termites — which  live  together 
in  organised  associations  or  communities.,  the  various  individuals 
comjtosing  which  are  distinguishable  into  aej^tal  huUvidvaU.  muter 
teorkers,  and  sMirra  (Figs,  493  and  4114),  each  specially  or- 
ganised for  the  part  which  it  has  to  play  in  tho  economy  of  the 
communitv. 
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Distribution  in  time. — The  earliest  known  fossil  remains  of 
Insects  have  been  found  in  rocks  of  Silurian  age.  A  good  many 
fossil  Insects  have  been  found  in  the  Devonian ;  but  they  only 
become  abundant  in  the  Carboniferous.  All  the  palsBOzoic  Insects 
belong  to  a  group  which  has  been  regarded  as  a  distinct  order, 
and  has  been  named  the  Falceodidyoptera.  The  members  of  this 
group  are  characterised  rather  by  the  absence  of  the  special 
characteristics  of  any  of  the  existing  orders  than  by  any  positive 
features  of  their  own ;  but  different  families  of  the  order  approxi- 
mate to  a  certain  extent  towards  the  groups  of  living  Insects. 
Amongst  them,  for  example,  are  forms  representing  the  Cock- 
roaches and  the  Phasmidae  among  the  Orthoptera ;  others  repre- 
senting the  modem  Day-flies  among  the  Neuroptera ;  others  the 
Coleoptera. 

Of  the  existing  orders  the  Neuroptera,  Orthoptera,  and  Coleop- 
tera are  first  found  in  the  Trias ;  the  Hemiptera,  Diptera,  Hymen- 
optera,  and  Lepidoptera  in  the  Jurassic. 

CLASS  v.— ABACHNIDA. 

The  class  Arachnida,  comprising  the  Scorpions  and  Spiders,  the 
Mites  and  Ticks,  the  King-crabs,  and  a  number  of  other  families, 
is  a  much  less  homogeneous  group  than  the  Insecta,  approaching 
the  Crustacea  in  the  variety  which  it  presents  in  the  armngement 
of  the  segments  and  their  appendages.  In  most  members  of  the 
class,  however,  there  is  an  anterior  region  of  the  body — the  cephalo- 
thorax — representing  both  head  and  thorax,  and  a  posterior  part, 
or  abdoffien,  which  is  typically  composed  of  a  number  of  distinct 
segments ;  in  some  cases  cephalothorax  and  abdomen  are  amalga- 
mated. There  are  no  antennae  in  the  adult  Arachnid,  though 
rudiments  of  them  have  been  found  in  the  larvae  of  some  species. 
The  first  pair  of  appendages  of  the  cephalothorax  (probably  repre- 
senting the  antennae  of  the  Crayfish)  are  the  cJkelicera' ;  the  second 
are  the  pedipalpi,  the  representatives  of  the  Crayfish's  and  Cock- 
roach's mandibles.  Behmd  these  are  four  pairs  of  legs.  The 
organs  of  respiration  are  sometimes  tracheae,  similar  to  those  of 
the  Insects,  sometimes  book-lungs  or  sacs  containing  numerous 
book-leaf-like  plates:  sometimes  leaf-like  external  appendages 
or  gills. 

1.  Example  of  the  Class. — The  Scorpion  (JEuscorjno  or 

BtUhzcs). 

Scorpions  are  inhabitants  of  warm  countries — the  largest  kinds 
being  found  in  tropical  Africa  and  America.  They  are  nocturnal 
animals,  remaining  in  holes  and  crevices  during  the  day,  and 
issuing  forth  at  night  to  hunt  for  their  prey,  which  consists  of 
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Spiders  and  Insects.  These  they  seize  with  their  pincer-claws  and 
Kting  to  death  with  their  caudal  spine,  afterwards  sucking  their 
juices. 

There  are  a  number  of  different  species  of  Scorpions,  divided 
into  several  genera,  which  differ  from  one  another  in  comparatively 
unimportant  points,  so  that  the  following  general  description  will 
apply  almost  equally  well  to  any  of  them. 

Bztcmal  fsaturet. — A  Scorpion  (Fig.  495)  has  a  long  narrow 
body,  in  superficial  appearance  not  unlike  that  of  a  Crayfish. 
There  is  a  small  cephalothoracic  shield  or  carapace,  covering  over 


dorsally  a  short  anterior  region  or  cephiifothorii.r.  This  is  followe<l 
by  a  long  posterior  region  or  itMomrn,  thi>  terminal  jwrt  of  which 
in  the  li\nng  animal  is  habitually  carried  over  the  hack  (Fig,  4!W), 
constituting  the  "tail,"  at  the  end  of  which  the  sting  is  placed.  The 
campnco  bears  a  pair  of  large  eyes  about  its  niiddlf,  and  several 

Eftirs  of  smaller  eyes  on  the  anten»-latoml  margin.  The  anterior, 
roador  part  of  the  abdomen,  which  is  termed  the  prw-aMmiim . 
consists  of  seven  segments,  each  of  which  is  cnclnsed  in  firm, 
ehitinous,  dorsal  ana  ventral  plates,  or  trr^i  and  ntcni".  The 
tergum  and  sternum  of  each  segment  nro  sojMiratwl  fnim  one 
another  laterally  by  intervals  of  soft  skin,  except  in  the  seventh. 


k 


when?  they  are  united  laterally  for  a  longer  or  shorter  distance. 
The  posterior,  narrower  part  of  the  abdomen,  known  as  the  post- 
abdomen,  consists  of  five  segments,  each  enclosed  in  a  complete 
investing  ring  of  hard  chitmous  matter.  Articulating  with  the 
last  segment  of  the  poNt-abdoraen  is  a  terminal  appendage,  th& 
caudal  spine  or  stmg.  swollen  at  the  base  and  acutely  pointed  at 
the  apex,  where  open  the  ducts  of  two  poison-glamis.  The  anid 
opening  is  situated  on  the  ventral  surface  of  the  last  .segment  of 
the  post-abdomen,  immediately  in  front  of  the  sting. 

The  aperture  of  the  mouth,  which  is  very  small,  is  at  the  anterior 
end  of  the  cephalothorax  on  its  ventral  aspect :  a  lobe  which  over- 
hangs it  in  front  is  the  tabrum-.  On  each  side  of  the  mouth  is  a 
three-jointed  appendage — the  chelicera  (Fig,  496,  cAc/.)^which  is 
terminated  by  a  chela.  Behind  these  are  the  very  large  pincfr-claws 
orpei(ipa./pi{ped.),e&ch  composed  ofsixpodomeres  and  terminating 
in  powerful  chelse.  The  basal  joint  of  each  pedipalp  has  a  proces.s 
which  bites  against  the  corresponding  procea-i  of  the  other  jiedipalp. 
these  processes  thus  performing  the  function  of  jaws.  Following- 
upon  the  pedipalpi  are  four  pairs  of  walking  legs,  each  composed 
of  seven  podomeres,  the  last  of  which  is  provided  with  curved  and 
pointed  horny  claws.  The  basal  aegraentiS  of  the  first  two  pairs  of 
walking  legs  are  modified  so  as  to  perform  to  some  extent  the 
function  of  jaws, 

All  the  SIX  pairs  of  appendages  hitherto  described — the  cheli- 
cene,  the  pedipalpi,  and  the  four  pairs  of  walking  legs — belong 
to  the  cephalothorax.  The  first  segment  of  the  pne-abdomen 
(Fig.  496)  has  a  narrow  sternum,  on  which  there  is  placed  a  soft 
rounded  median  lobe  divided  by  a  cleft ;  this  is  termed  the  genital 
npei-culum  {pp.} ;  at  it-s  base  is  the  opening  of  the  genital  duct.  To 
the  sternum  ofthe  second  segment  of  the  prie-abdomen  are  attached 
apair  of  remarkable  appendages  of  a  coinb-like  shape— the  pcrfincs 
(ped.) — each  consisting  of  a  stem,  along  the  posterior  margin  of 
which  is  a  row  of  narrow  processes,  some- 
what like  the  teeth  of  a  comb;  the  function 
of  these  appendages  is  doubtful,  but  is  prob- 
ably sensory,  The  remainder  of  the  seg- 
ments of  the  prte-abdomen,  and  all  those  of 
the  post-abdomen,  arc  devoid  of  appendages. 
The  sterna  of  the  third,  fourth,  fifth,  and 
sixth  segments  of  the  pne-abdomen,  which 
t;.  w: -Biiiirp-iicrniie  ^"^  '^'^  broad,  bear  each  a  pair  of  oblique 
"f'scorpion.  (.\fter  slits — -the  stigmatii  (stig.) — leading  into  the 
LaukMtor,)  pulmonary  sacs. 

In  the  interior  of  the  cephalothorax,  over 
the  nervous  system,  is  a  cartilaginous  plate — the  endosUmite 
(Fig.  497) — which  ser\'es  to  give  attachment  to  muscles,  and  ir 
comparable  to  the  cephalic  apodeme  of  Apus  (p.  491). 
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All  the  appendages  of  the  Scorpion  are  post-oral  in  position,  and 
the  most  anterior — the  chelicerae — are  probably  best  regarded  as 
corresponding  to  the  antennae  of  the  Crayfish,  the  equivalent  of 
the  Crayfish's  antennules  and  of  the  antennae  of  the  Cockroach  not 
being  present.  The  pedipalpi  would  then  be  the  homologues  of 
the  mandibles  of  the  Insect  and  the  Crustacean. 


Crayfish. 

Antennules. 
Antennae. 
Mandibles. 
First  maxillae. 
Second  maxillae. 
First  maxillipedes. 
Second  maxillipedes. 
Third  maxillipedes. 


Cockroach. 

Antennae. 
Absent. 
Mandibles. 
First  maxillae. 
Second  maxillae. 
First  legs. 
Second  legs. 
Third  legs. 


Scorpion. 

Absent. 
Chelicerae. 
Pedipalpi. 
First  legs. 
Second  legs. 
Third  legs. 
Fourth  legs. 


I>igestive  syitem. — The  narrow  mouth  leads  into  a  large 
chamber  with  elastic  walls,  the  pharynx ;  this  is  capable  of  being 
greatly  dilated  by  the  action  of  a  number  of  radiating  bundles  of 
muscular  fibres,  which  run  outwards  from  it  to  the  walls  of  the 
cephalothorax,  the  result  of  this  being  to  cause  suction  through 
the  mouth,  by  which  means  the  juices  of  the  Scorpion's  prey  are 
drawn  in.  A  second  dilatation,  to  which  a  narrow  oesophagus 
leads,  receives  the  ducts  of  a  pair  of  salivary  glands  (Fig.  499, 
saL  gld.).  Upon  this  follows  the  mtscnteron  (mesent.),  which  is  an 
elongated,  wide,  straight  tube,  with  glandular  walls,  corresponding 
to  the  chylific  ventricle  of  the  Insect.  Opening  into  the  mesenteron 
are  five  pairs  of  narrow  tubes  (Figs.  498  and  499,  hep.  du.)  leading 
into  the  substance  of  a  large  glandular  body,  usually  termed  the 
liver  {hep,)y  though  its  hepatic  functions  are  doubtful.  The  proc- 
todamm  {prod.)  is  a  short,  narrow  passage ;  into  it  there  open  two 
delicate  tubes — the  Malpighian  tubes  {mal.) — which  act  as  the 
organs  of  renal  excretion. 

Oirculatoiy  organB. — An  elongated  tubular  heart  (Fig.  498, 
hrt.)  lies  in  the  pne-abdomen  enclosed  in  a  pericardial  sinus  ;  it  is 
divided  internally  into  a  series  of  eight  chambers  by  transverse 
partitions ;  into  each  of  these  chambers  the  blood  passes  by  a  pair 
of  valvular  apertures  or  ostia.  The  heart  ends  both  in  front  and 
behind  in  main  arteries  or  anterior  and  posterior  aorta'  {ant.  art., 
post,  art.) ;  and  a  series  of  pairs  of  lateral  arteries  are  given  off  from 
the  various  chambers.  The  anterior  aorta  {trnncu.^  arteriosus)  soon 
bifurcates  to  form  a  pair  of  vessels  which  embrace  between  them 
the  oesophagus,  and  meet  below  in  a  median  ventral  tnmk  which 
runs  backwards  above  the  nerve  cord.  The  blood  carried  to  the 
various  parts  of  the  body  by  the  arteries  is  gathered  up  into  a 
large  ventral  sinus  from  which  it  passes  to  the  book-lungs.     From 


these  it  is  carried  by  a  series  of  veins  to  the  poricarHial  sinus  to 
enter  the  heart  through  the  ostia. 

The  or^ni  of  respiration  in  the  Scorpions  are  in  the  form  of 

pM/»i(wiaryfiacsor  too/'-/?' w^s(pi;V.),  the  stigmata  or  external  openings 
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of  which  have  already  been  referred  to.  Each  pnimooarj'  sac  is 
a  compressed  chamber  lined  with  a  thin  cuticle.  The  lining 
membrane  is  raised  up  into  numerous  delicate  lamina?  \ymg 
parallel  with  one  another  like  the  leaves    of  a    book.     Into  the 
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numerous  narrow  spaces  between  the  lamina  the  air  penetrates, 
and  oxygenates  the  blood  which  enters  the  interior  of  tne  laminte 
from  the  ventral  sinus. 

A  pair  of  coxal  glands,  situated  near  the  base  of  the  fifth  pair 
of  appendages,  are,  in  the  embryo  Scorpion,  represented  by  tubes 
which,  like  nephridia,  effect  a  communication  between  the  body- 
cavity  and  the  exterior;  in  the  adult  Scorpion  the  tube  assumes 
the  form  of  a  closed  gland,  and  its  function  is  quite  uncertain. 

The  nerroTU  lyitem  is  constructed  on  a  plan  which  bears  a 
considerable  resemblance  to  that  of  the  Crayfish  and  that  of  the 
Cockroach.     There  is  a  bilobed 

cerebral     ganglion     or     brain  ,    i^efia 

{Fig.  498,  bm.)  from  which 
nerves  are  given  off  to  the 
eyes ;  a  nerve  collar  formed  of  a 
pair  of  cesophagtal  connectives 
unites  vent  rally  in  a  sub- 
aaophageal  ganglion,  forming 
the  anterior  part  of  a  ventral 
nenx  card  (ne.  co.).  The  con- 
nectives and  sub-cesophageal 
ganglion  give  rise  to  the  nerves, 
to  the  first  six  pairs  of  append- 
ages, and  to  the  operculum,  the 
pcctines,  and  the  two  following 
segments.  The  first  ganglion 
in  the  nerve  cord  appears  in 
the  eleventh  segment  (reckon- 
ing the  cephalo-thorax  as  made 
up  of  six);  behind  which  a 
ganglion  appears  regularly  in 
each  segment  as  larback  as  the 
fourth  of  the  post-abdomen. 

The  organa  of  apecial 
lenie  are  the  ei/es  and  pe^iities. 
The  lateral  eyes  (Fig.  518)  are 
similar  in  character  to  the  simple  eyes  or  ocelli  of  Insects. 
The  two  larger  central  eyes  (Fig.  519)  differ  from  them  in 
having  the  retinal  cells  arranged  in  groups  as  in  the  com- 
pound eye,  but  resemble  them  in  the  presence  of  a  single 
cuticular  lens. 

ReprodnctlTe  orgaiu. — In  the  male  the  testes  consist  of  two 
pairs  of  longitudinal  tubules  united  by  ci-oss  branches.  These 
are  connected  with  a  median  vas  deferens,  the  terminal  portion  of 
which,  provided  with  accessory  glands,  is  modified  to  form  a  double 
penis ;  its  external  opening  is  just  behind  the  operculum  as 
already  noticed.     There  is  an  unpaired  omry,  which  is  made  up  of 
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three  longitudinal  tubules  with  tranavei-se  connecting  branches: 
the  oviducts  open  on  the  operculum. 

Scorpions  are  viviparous.  The  eggs,  which  are  spherical  or  oval, 
and  in  most  species  contain  a  large  amount  of  food-yolk,  He  in  a 
follicle  formed  of  a  diverticulum  of  the  oviduct.  Fertilisation 
either  takes  place  in  the  follicle  or  after  the  egg  has  escaped  into 
the  oviduct.  The  ftirther  development  takes  place  in  the  oviducts : 
and,  when  bom,  the  young  Scorpion  differs  Irom  the  parent  very 
little  save  in  size. 

Development. — The  segmentation  is  of  the  type  to  which  the 
term  discuiiin!  is  applied.    On  one  side  are  formed  a  number  of  cells 
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in  the  form  of  a  one-layered  disc  or  cap,  which  gradually  spreads  over 
the  yolk.  On  this  appears  a  thickening — the  ventral  plate  (Fig.  500) 
corresponding  to  that  of  the  Insect.  A  longitudinal  groove  which 
appears  on  the  surface  of  thin  may  bo  regarded  as  representing 
an  elongated  blastopore  (Fig.  500,  A).  The  cells  of  the  blastoderm 
of  the  ventral  plate  become  divisible  into  three  layers — ectoderm, 
mdoderm,  and  mesoderm.  The  mesoderm  becomes  divided  into  a 
series  of  masses  which  become  hollowed  out  to  form  the  primitive 
segments  (B)  and  their  cavities.  Embrj'onic  membranes — serosa 
and  amnion — are  formed  as  in  the  Insects.  When  about  ten  seg- 
ments have  become  distinguishable,  the  rudiments  of  appendages 
(Fig.  500  C,  and  Fig,  501)  appear  in  the  form  of  hollow  processes, 
of  the  segments  on  either  side  of  the  middle  line.     Behind  the 
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rudiments  of  the  thoracic  limbs  appear  a  series  of  six  pairs  of 
abdominal  appendages  {ap.  II. — VI.) ;  the  place  of  the  first  of  these 
is  afterwards  taken  by  the  operculum  ;  the  second  develops  into 
the  pectines.  The  four  posterior  pairs  become  aborted,  though 
they  apparently  have  some  relation  to  the  development  of  the 
book-lungs. 


2.  Distinctive  Characters  and  Classification. 

The  Arachnida  are  air-breathing  Arthropoda,  in  which  the  body 
is  usually  distinguishable  into  two  regions — cephalothorax  and 
abdomen.  The  cephalothorax  bears  sessile,  usually  simple,  eyes, 
two  pairs  of  jointea  appendages — the  chelicersB  and  pedipalpi — and 
four  pairs  of  legs.  There  are  no  antennae.  The  organs  of  respira- 
tion, when  present,  are  usually  either  tracheae  or  book-lungs,  but  in 
the  Xiphosura  take  the  form  of  book-gills.  Heart  and  vascular 
system  are  usually  present ;  the  heart  is  tubular,  like  that  of  the 
Insects.  The  sexes  are  nearly  always  separate,  and  there  is  usually 
no  metamorphosis. 

The  class  ]s  divided  into  the  following  orders  : — 

Order  1. — Scorpionida. 

Arachnida  in  which  the  body  consists  of  a  continuous  cephalo- 
thorax and  an  abdomen,  the  latter  consisting  of  an  anterior 
broader  prae-abdomen  of  seven  segments,  and  a  posterior,  narrower 

?58t-abdomen  of  five,  with  a  caudal  spine  in  the  form  of  a  sting, 
here  are  small  chelate  chelicerae  and  large  chelate  pedipalpi.     A 
pair  of  comb-like  pectines  occur  on  the  second  segment  of  the 

f)rae-abdomen.     The  organs  of  respiration  are  four  pairs  of  book- 
ungs  in  the  third,  fourth,  fifth  and  sixth  segments  of  the  prae- 
abdomen. 

This  order  includes  the  Scorpions. 

Order  2. — Pseudoscorpionida. 

Arachnida  in  which  there  is  a  continuous  cephalothorax,  some- 
times marked  dorsally  with  two  tninsverse  grooves,  and  a  broad 
abdomen,  not  divided  into  prae-  and  post-abdomen,  and  not  pro- 
vided with  a  sting.  The  chelicerae  are  very  small,  the  pedipalpi 
similar  to  those  of  the  Scorpions.  The  organs  of  respiration  are 
a  system  of  tracheae.     A  pair  of  spinning  glands  arc  present. 

This  order  includes  the  Book-scori)ions  (Fig.  502). 

Order  3. — Pedipalpida. 

Arachnida  in  which  the  body  consists  of  unsegmented  cephalo 
thorax    and   flattened   abdomen   of  eleven    to   twelve    segments. 
The  chelicerae  are  simple,  the  pedipalpi  simple  or  chelate,  the  first 
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pair  of  legs  terminate  in  a  many-jointed  flagellum.  The  organs 
of  respiration  are  two  pairs  of  book-lungs  on  the  second  and  third 
segments  of  the  abdomen. 

This  order  includes  the  Scorpion-spiders  (Fig.  503). 

Order  4. — Solpugida, 

Arachnida  with  three  regions — head,  thorax  (of  three  segments), 
and  abdomen  (of  ten  segments).  The  chelicerae  are  chelate ;  the 
pedipalpi  elongated  and  leg-like.  The  organs  of  respiration  are 
tracheae. 

This  order  includes  Galeodes  (Fig.  504). 

Order  5. — Phalangida. 

Arachnida  with  an  unsegmented  cephalothorax,  and  an  abdomen 
of  six  segments.  The  chelicerae  are  chelate,  the  pedipalpi  leg-like. 
The  organs  of  respiration  are  tracheae.  No  spinning  glands  are 
developed. 

This  order  includes  the  Harvest-men. 

Order  6. — Araneida. 

Arachnida  in  which  the  body  is  composed  of  an  undivided 
cephalothorax  and  an  unsegmented  abdomen,  which  is  usually  soft 
and  rounded,  and  attached  to  the  cephalothorax  by  a  narrow  neck. 
The  chelicerae  are  sub-chelate,  with  poison  glands ;  the  pedipalpi 
simple.  The  organs  of  respiration  are  book-lungs  alone,  or  book- 
lungs  combined  with  tracheae. 

This  order  comprises  all  the  true  Spiders  (Fig.  505). 

Order  7. — Acarida. 

Arachnida  in  which  the  body  exhibits  no  division  into  regions. 
The  mouth-parts  are  adapted  either  for  biting  or  piercing  and 
sucking.  The  organs  of  respiration,  when  present,  are  i^  the 
form  of  tracheae. 

This  order  includes  the  Mites  and  Ticks  (Figs.  508  and  509). 

Order  8. — Xiphosura. 

Arachnida  in  which  the  body  consists  of  a  cephalothorax, 
covered  over  by  a  broad  carapace,  and  an  abdomen  of  seven 
firmly  united  segments,  with  a  long  narrow  tail-piece  or  telson. 
The  cephalothorax  bears  a  pair  of  short  chelate  appendages 
and  five  pairs  of  legs.  The  abdomen  bears  in  front  a  pair  of 
united  plate-like  appendages,  forming  the  operculum,  followed 
by  five  pairs  of  flat  appendages  overlapped  by  the  operculum. 
The  organs  of  respiration  are  lamelliform  gills  attached  to  the 
abdominal  appendages. 

This  order  includes  the  King-crabs  {Limulus)  (Fig.  510). 
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Order  9. — Eurypterida. 

Arachnida  with  a  relatively  small  cephalothorax,  followed  by 
twelve  free  se^ents  and  a  terminal,  elongated,  narrow  telson. 
There  are  a  pair  of  prae-oral  leg-like  or  chelate  appendages  and 
four  more  leg-like  appendages  on  the  cephalothorax,  the  last 
expanded  to  form  swimming  paddles.  A  broad  operculum  is 
situated  immediately  behind  the  cepha- 
lothorax. There  are  pairs  of  lamellate 
appendages  on  certain  of  the  anterior 
free  segments.  The  exoskeleton  is  char- 
acteristically sculptured.  ^  ^^^ 

This  ordef  includes  only  a  number  of 
extinct  (Pal8eozoic)"forms  of  large  size 
(Fig.  512). 

3.  General  Organisation. 

The  external  form  in  the  Scorpionida 
has  already  been  sufficiently  described. 
Most  nearly  related  to  that  order  in  this 
respect  are  the  Pseudoscorpionida  or 
Book-scorpions  and  their  allies.  In  these 
(Fi^.  502)  there  is  an  unsegmented 
cephalo-thorax,  or  the  carapace  is  crossed  by  two  transverse  grooves 
which  may  indicate  segmental  divisions.  There  is  a  broad  abdomen 
consisting  of  eleven,  or  more  rarely  ten,  segments;  the  post- 
abdomen  is  not  represented,  nor  the  caudal  sting.  The  chehcerae 
are  small;  the  pedipalpi  are  large,  and  resemble  those  of  the 
Scorpions  in  their  chelate  form.     Spinning  glands  are  present. 


Fio.  502.— cn&elifer  bntTmislL 

2 — 6,  second  to  sixth  pain  of 
appendages.  (From  Lang's 
QnHparative  Anatomy.) 


Fio.  503.— Phrjnus  (Pedipalpi).    (From  Cuviera  Animal  XiiH^fom.) 

The  Pedipalpi,  or  Scorpion-spiders  (Fig.  503),  are  intermediate 
in  some  of  their  external  features  between  the  Scorpions  and  the 
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Spiders.  The  abdomen  is  broFid  and  marked  out  into  a  aeries  of 
eleven  or  twelve  distinct  segments;  in  one  of  the  genera  of  the 
order  there  is  a  short  post-abdomen  fonned  of  the  last  three 
segments,  with  an  elongated,  many-jointed  anal  filamrnt.  The 
chelicene  end  in  simple  claws ;  they  are  probably  provided  with 
poison  glands ;   the  pedipalpa  are  very  long,  either  claw-like  or 


1_ 
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chelate ;  the  first  pair  of  legs  are  very  long  and  slender,  their 
terminal  part  made  up  of  numerous  short  joints  like  antenme. 
There  are  eight  eyes  on  the  carapace,  two  larger  central,  and  six 
smaller  marginal. 

The  Solpugida  (Fig.  504)  have,  at  least  superficially,  the 
appearance  of  being  intermediate  between  the  Insecta  and  the 
other  groups  i>f  Arachnida.     The  cephalothoracic  region  is  divided 
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by  a  occk^mnvn  idto  tvo  putj^  i/vtd  and  tStftrer,  iho  l*n<T  nwdf 

np  <rf  tfapw  t«:«iD«ailJS.     Tbe  ci>elicicne  «¥  cbeUie ;  U>o  po>di]«lt^ 

re^wanUe  ibe  k^  aztd  are  used  in 

loooii>aa<:cL    Tbe  fin^  pair  of  le^ 

are    anarl)«d   lo    U>e   bead.      T^ 

abdomm  is  di<4iiMnhr  ««^iiwnt«d. 

and  tb«n-  is  no  cumU  appmdag^. 

A  pair  <:^  po»n-gluids   open   at 

the  bases  ot  ibe  cheBcenp,     There 

are  t«o  sample  eye^  on  ibe  bead. 

In  the  tme  S|Mdem  (Fig.  505) 
tbe  abdoiDen  is  rounded,  nu^ieg- 
mmted.  and  separated  off  from  ibe 
oepbalot borax  by  a  ccmstrictioD. 
The  chelic«»-  (Fig.  506>  are  sub- 
chelate,  and  the  duct  of  a  large 
poisoa  gland  opens  at  the  ex- 
tremity. Tbe  pedipdfH  (Fig.  506,  B)  are  eloni^ted.  and  ood  in 
simple  extremities:   in  the  male  (Fig.  507)  tne   terminal  joint 


Fid.  MNL— ^,  ChaUniK,  lad  B.  [ladlial^  ot  ttaalt  of 

ia   modified   to   ser>-e  for  the  reception  and  tmnsfer^'nce  of  the 
At  the    extremity   of  the   abdomen   is    the   spinning 
apparatus    or  iimeAnidiiim  (Fig,  518. 
nrach.).     This  consists  of  four  or  six 
ii  elevations,  the   itpinnfrfh.  ^Muuetimeti 

jointed,  prob«ibly  derivini  fmm  em- 
bryonic rudiini'iits  of  nbilominal  ap- 
pendages. On  the  surface,-*  of  th*'se 
open  the  numerous  tine  ducts  of  the 
spinning   glands   (ift.  qIHs.),  secreting 


Fio.  u;.— Pwllt»lpl 


material    of  which    the    siwlers 
web  is  composed.      The  fine  tfirvntls 


of  viscid  secretion  issuing   from   the 
ducts  hanlen  on  exptisun>  to  the  air, 

and  are  worked  up  into  the  web  by  means  of  the  ]»o8terior  legs, 

*"  '  '  "  iMice. 

-men,"  tho  cophalo- 


Tbcre  are  six  or  eight  eyes  on  the  caraiMice. 
In  the  spider-like  Phalangida,  or  "  Harveat-i 
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thorax   is  not   constricted   off 
from  the  abtiomen.    The  cheli- 
'*  cene  are  chelate,  the  pedipalpi 

short    and    leg-hke,   the    legs 
long  and  slender. 

In  the  Acaridn  or  Mites 
and  Ticks  (Figs.  508  and  609) 
the  distinction  into  regions  is 
no  longer  recognisable.  The 
form  of  the  mouth  parts  varies 
somewhat  in  the  different 
families.  Sometimes  the  basal 
.  portions  of  the  pedipalpi  fonn 
a  sucking  proboscis  enclosing 
the  stylet-Hke  chehcene,  modi- 
fied to  form  piercing  organs; 

sometimes    these    appendages 

are  claw-like  or  chelate.  The 
gs  vary  somewhat  in  shape  in  the  different  groups,  according 
;  they  are  used  for  prehension,  for  creeping,  for   running,   or 


<8arcapt«a  aeBblnl). 


for  swimming;   they  end  usually   in  two  claws,  betwe< 
there  may  be  discs  or  stalked  suckers, 
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In  the  Xiphomm  or  King-crabs  (Fig.  510),  the  body  consists  of 
two  well-marked  regions — <xphalothm-ax  and  abdomm.  The  former 
is  covered  over  by  a  wide,  dorsally  convex,  sub-erescentlc  shield  or 
carapace,  bearing  two  large  compound,  and  two  smaller  simple,  eyes. 
The  segments  of  the  abdomen  (seven  in  number)  are  united 
together,  being  covered  dorsally  by  a  continuous  abdominal  cara- 
pace. At  the  posterior  end  is  attached  a  very  long, 
caudal  spine.  The  anterior 
appendageu  (Fig.  511)  re- 
semble those  of  the  Scor- 
pion. In  front  of  the 
mouth  in  a  pair  of  short, 
three -join  ted,  chelate  ap- 
pendages, the  chtliarcE  (/), 
at  the  sides  of  a  labruni  or 
upper  lip.  Behind  these 
foUow  a  series  of  five  pairs 
of  legs,  the  ba»«es  of  all  of 
which,  with  the  exception 
of  the  last,  are  covered 
with  spines,  and  have  the 
action  of  jaws,  while  the 
extremities  are  for  the 
most  part  chelate.  The 
first  pair  of  appendages  of 
the  abdomen  are  flat  plates, 
which  are  united  together 
in  the  middle  line  and 
together  fonn  the  broad 
opertulum  (operc.),  over- 
lapping all  the  posterior 
appendages ;  on  its  pos- 
terior mce  are  the  two 
genital  apertures.  The  pos- 
terior appendages,  of  which 
there  are  five  pairs,  are 
thin  flat  plates  to  which 
the  gills  are  attached ;  each 
of  thera  is  divided  by 
sutures  into  a  small  inner  ramus  or  endopodite,  and  a  larger 
external  ramus  or  exopodite.  A  labrum  {roatrvvi}  lies  in  front 
of  the  mouth,  and  between  the  sixth  pair  of  appendages  ia  a 
pair  of  processes,  the  ehUaria. 

In  the  Siijypttrida  {Pig.  512)  there  is  a  small  cephalothorax 
bearing  a  pair  of  large  eyes  and  a  pair  of  ocelli,  and  an  elongated 
scgmenteu  region  ct>ntaining  twelve  segments,  followed  by  a 
narrow  pointwl  telson.     There  are  usually  five  jiairs  of  legs  sur- 


rounding  the  mouth,  and,  with  the  exception  of  the  first,  toothed 
at  the  bases  in  ortier  to  perform  the  functions  of  jaws  :  the  last 
pair  are  stouter  than  the  others  and  are  expanded  so  as,  apparently, 
to  assume  the  character  of  swimming  paddles.  Certain  of  the 
more  anterior  of  the  free  segments  Dear  paired  lamelliform 
which  probably  carried  the  branch ise  as  in  the 
Xiphosura.  Theexo- 
skt'leton  is  in  many 
cases  elaborately 
sculptured. 

A  cartilaginous  in- 
ternal endoHtemlte 
of  the  same  nature 
as  that  which  has 
been  described  aa  oc- 
curring in  the  Scor- 
pions is  found  in 
Liranlus  and  in  cer- 
tain Spiders,  but 
not  in  the  other 
groups. 

Coxal  glandt, 
similar  to  those  that 
have  been  described 
in  the  Scorpion,  oc- 
cur also  in  most 
Spidere,  in  the  Sol- 
pugida  and  Phalan- 
gida,  in  some  Acarida 
and  the  Xiphosura. 
In  the  Soipugida  and 
Phalangida  they  oc- 
cur on  the  bases  of 
the  last  pair  of  legs ; 
in  the  Araneida  and 
Xiphosura,  as  in  the 
Scorpion,  they  are 
found  on  the  bases 
of  the   fifth   pair  of 
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Alimentary  syatem. — The  cesophagus  (Fig.  513,  ees.)  of  the 
lidei's  JH  expanded  behind  into  a  spocial  sucking  stomach  (mtck.  at.). 
TLe  iiiesr.tUeroH  (mtsciit.)  gives  off  in  the  cephalothorax  five  pairs 
of  narrow  diverticula  (car.)  which  enter  the  basea  of  the  pedipalps 
and  legs ;  in  the  abdomen  it  also  gives  off  a  number  of  cseca,  which 
branch  and  come  in  close  relation  with  a  mass  of  cells  commonly 
tenned  I'lvtr  {hcpX  though  not  known  to  have  the  function  of  that 
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urgaii.  The  rtcfum  or  proctodauvi  (red.)  is  dilated :  the  dilated 
portion  (red.  ctec.)  gives  off  two  pairs  of  Malpigkian  tubes  (mat.). 

In  the  Pseudoscorpionida  the  mesenteron,  which  is  bent  into  a 
loop,  gives  off  three  diverticula ;  the  proctmiEBum  has  also  a 
diverticulum.  In  the  Solpugida  the  mesenteron  also  gives  off 
diverticula ;  the  occurrence  of  Malpighian  tubes  is  doubtful.  In 
the  Acarida  there  are  always  diverticula,  the  number  and  arrange- 
ment of  which  vary, 
connected  with  the 
meaenteron.  There 
are  usually  two  long 
coiled  Malpighian 
tubes. 

In  the  Xiphfjsui-a, 
the  mouth  (Fig,  5H, 
mo.),  which  is  situ- 
ated some  distance 
behind  the  anterior 
extremity  of  the 
body,  leads  into  u 
suctorial  pharjTiJc .  fol  - 
iowpd  by  a  stomach, 
which  opens  into 
the  elongated  mesen- 
teron ;  the  procto- 
deum, a  short  tube 
with  folded  walls, 
opens  on  the  ex- 
terior at  the  posterior 
extremity  of  the  ab- 
domen. Into  the 
mesenteron,  as  in  the 
Scorpion,  open  the 
ducts  of  a  large 
gland,  usually  tennod 
the  liver  (/.  lit.). 

A  heart  is  ab- 
sent in  ail  the  Mites 
with    tht-    exception 

of  one  family.  In  the  other  Arachnida  it  is  present,  and  has 
the  same  general  form  as  in  the  Scorjiions,  though  always  more 
concentrated. 

In  the  various  orders  the  organi  of  respiration  differ  a  good 
deal  in  their  character.  In  the  Pseudoscorpionida  they  take  the 
form  of  bniuehing  Iruckew  similar  to  those  of  Insects.  In  the 
Pedipalpi  there  are  two  puhnonttry  sfiee  or  book-liings  similar  to 
thiwe  of  the  scorpions.     In  the  Solpugida  there  is  a  system  of 
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Tracheffi  are  present  in   the  Phakngida  and  also  in  the  majoriQr 
nf  the  Acarida.     In  the  Xiphosura  the  organs   of  respiration 
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extemu!  appendagea  or  ffills  (bot^-gilU),  in  the  shape  of  tlelicftU- 
Inmina;  attaeluvl  to  the  abdominal  appendages  (Fig.  517). 

The  nervous  lyvtem  is,  in  mast  instances,  more  concentrated 
than    in    the   Scfirpions.     There   may   be   one   or   two   separate 
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abdominal  ganglia  behind  the  mass  formed  by  the  united  cephalo- 
thoracic  and  anterior  abdominal  (Pseudoscorpionida,  Pedipalpida, 
some  Araneida,  Solpugida,  Phalangida).  In  most  of  the  Araruida 
and  in  the  Aoarida   all   the   abdominal  are  united  with  all  the 
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cephalothomcic  ganglia  to  fonn  a  single  mass  perforated  by  the 
oesophagus,  the  part  lying  behind,  which  ia  much  the  larger. 
representing  tho  ventral  nerve  cord. 

SciUA  orgoni. — Eyes  are  presont  in  all  except  in  some  of  the 
Acarida.     Their  number  and  arrangi-ment  have  been  given  with 
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the  extenial  characters  of  the  groups.  They  are  all  (Fig.  518)  of 
the  type  of  the  ocelli  or  simple  eyes  of  Insects,  except  the  central 
eyes  of  the  Scorpions 
(Fig.  519)  and  the  com- 
pound eyes  of  Liniutus. 
The  former  are  interraedi- 
iilr  in  character  between 
in'i;lli  and  fecetted  eyea, 
jiossL'Ssing  the  single  cuti- 
(■iiiar  leua  {lens)  of  the 
iifi-lliis,  and  resembling 
t)u>  facetted  eye  in  having 
the  retinal  ceils  arrang^ 
in  groups  correspond mg 
to  ommatirlia.  Each  re- 
tin  u  la,  composed  of  five 
cells,  contains  a  thick  axial 
rod  or  rhabdome  {rkabd.). 
In  Limiilus  the  com- 
pound eye  has  a  continu- 
ous chitinous  cornea-lena  of  the  nature  of  a  thickening  of  the 
cuticle.  This,  though  non-facetted,  differs  from  the  coiTesponding 
part  in  the  compound  eye  of  the  Scorpion  in  being  produced 
internally  into  a  number  of  conical  papillie,  each  of  which  lies 
over  one  of  the  onimatidea  and  may  be  looked  upon  as  its  lens. 

A  considerable  variety  is  observable  in  the  exact  arrangement 
of  the  parts  of  the  re- 
productive apparatus 
in  different  groups  of  the 
Arachnida.  In  general, 
testes  or  ovaries  are  either 
paired  or  (more  rarely) 
unpaired  tubes,  with 
paired  vam  dtfcreniia  or 
oviducts,  which  unite  in 
a  median  duct  opening 
on  the  exterior  by  an 
unpaired  genital  open- 
ing. Viviparity  is  ex- 
ceptional In  the  Spiders 
the  ovaries  (Fig.  113,  tw.) 
are  two  wide  tubes,  on 
the  surface  of  which 
follicles  project  promi- 
nently: sometimes  they 

unite  into  a  single  circular  ovary.     Each  ovary  has  a  short  oviduct, 
hen  the  ovary  is  single  it  has  two,  right  and  left :  these  unite- 
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in  a  median  vagina,  which  opens  on  the  exterior  by  a  median  genital 
aperture  at  the  base  of  the  abdomen.  One,  two,  or  three  raxptactda 
geminw  are  present,  and  either  open  into  the  vagina  or  independ- 
ently on  the  surface.  In  the  male  there  are  two  elongated  tubular 
testes  with  two  narrow,  and  often  greatly  coiled,  r/ffi  en ( (/(w(s,  which 
unite  in  a  short  median  vas  deferens,  the  aperture  of  which  is  on  the 
base  of  the  abdomen  between  the  stigmata  of  the  first  pair.  The 
pedipalpi  of  the  male  (Fig.  507)  are  modified  to  act  a.H  intro- 
mittent  organs ;  the  terminal  segment  is  swollen,  and  contains  a 
twisted  tube  (^A.)  into  which  the  sperms  from  the  reproductive 
aperture  are  received  in  order  to  bo  transferred  in  tne  act  of 
copulation  to  the  reproductive  aperture  of  the  female.  The  eggs 
of  spiders  are  laid  in  nests  or  cocoons,  and  are  usually  guarded 
by  the  mother,  sonie- 


/« 


times    carried     about 
by  her. 

In  their  mode  of 
Uft  the  Aracbnida 
present  almost  as 
great  a  diversity  as 
the  Insecta.  Some 
Acarida  are  parasites 
throughout  life.  Most 
of  the  other  groups 
of  Aracbnida  are  pre- 
daceoue — preying  for 
the  most  part  on  In- 
sects or  other  Arach- 
nids. To  capture  the 
Insects  which  consti- 
tute their  food  the 
majority  of  Spiders 
construct     a     web 

formed  of  the  threads  secreted  by  the  arachnidinm.  The 
primaty  function  of  the  threads  formed  from  the  secretion  of 
the  spinning  organ  is  to  constitute  the  nmttrial  for  the  niann- 
&cture  of  a  cocoon  for  enclosing  the  eggs,  and  in  Home  Arachnids 
this  is  the  sole  pur|K)8e  to  which  they  me  devoted.  In  nthers 
ther«  is  added  a  nest  for  the  prott-ction  of  the  eggs  anti  of  the 
parent  itself;  this  in  many  cases  becomes  a  peniianent  iirkin^ 
place  which  the  Spider  inhabits  at  all  seasons,  and  from  which  it 
darts  out  to  capture  its  prey  ;  in  the  Trap-door  Spider,  the  nest  has 
a  closely  fitting  hinged  lid.  In  very  many  Spiders  the  secivtion 
is  used  mainly  to  form  the  web  by  means  of  which  the  pri'y  is 
snared,  with  the  addition  frequently  of  a  nest  in  which  thf  Slider 
lies  in  wait.  A  subsidiary  function  of  the  thrtads  is  to  aid  in 
locomotion,  the  Spiiier  being  enabled  by  means  of  them  to  let 
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itself  ([own  safely  fruni  considerabk'  heights,  and  even  to  float 
in  the  air. 

Some  of  the  Mites,  as  already  mentioned,  are  ]jaraHitic;  others 
feed  on  various  kinds  of  fresh  or  decaying  animal  or  vegetable 
Biibfitances.     Most  free  Acarida  arc  terrestrial ;  some  are  ac|i]atic. 

The  Xiphosura  are  marine,  living  at  a  depth  of  a  few  fathoms 
in  warm  seas,  burrowing  in  sand ;  their  food  consists  of  various 
kinds  of  marine  Aimelids. 

Oteologlca.1  History. — The  most  ancient  of  the  living  groups  of 
the  Anicltiiidri  an-  li).'  Scorpions,  which  are  represented  m  Silurian 
rocks  Viy  vrumn^  In.-- il  t'orms  not  differing  very  widely  from  those 
existing  iit  iIk'  prt-sLiu  day.  The  earliest  known  fossil  Spiders 
have  been  found  in  deposits  of  Carboniferous  age  ;  and  remains  of 
Pedipiilpida  occur  in  the  same  formation.  In  Tertiary  deposits 
there  have  been  found  representatives  of  all  the  principal  groups 
of  living  Arachnida. 

The  earliest  fossil  remains  of  Xiphosura  that  have  been  found, 
occur  in  strata  of  the  Triassic  period.  Other  fossil  species  occur 
in  later  formations.  These  are  all  nearly  related  to  the  living 
species  of  Limulus.  The  Euiypterida,  as  already  noted,  are 
entirely  paleozoic,  ranging  from  the  Lower  Silurian  rocks  to  th« 
Devonian. 


APPENDIX  TO  THE  ARACHNIDA. 


These  tliree  groups,  though  not  in  any  way  relateii  to  one  another,  anil  of 
doubtful  relationshipa  to  the  Arachnids,  are,  as  a  matter  of  convenience,  ineD- 
tionetl  together  here. 

The  Pvcsooosida. 

These ara marine  Spider-like  Arthropods  (Fig.  520)  in  which  the  body  ooiiBlitB 
of  k  cephalothorax  composed  of  an  anterior  probuacia  (■),  three  head  tegmeota, 
and  one  thoracic  segment,  followed  by  three  free  thoracic  segmeota  and  a  rudi- 
lnentar\'  abdomen  (ni.).  The  cephalothnrax  bears  usually  four  simple  eyes  and 
four  paii-B  of  appendages,  one  or  both  of  the  first  two  of  which  may  be  chelate. 
To  these  Bucueed  a  pair  of  usually  ten-jointed  ovigerous  legs  (3).  and  the  first  pair 
of  thoracic  legs  (4).  The  free  thoracic  segmentB  bear  lateral  processaH  tor  the 
■rttcniation  of  the  remaining  three  pairs  of  legs.  The  rudimentary  alidomen  (ab.) 
is  devoid  of  appendages. 

Diverticula  from  the  meeenteroD  penetrate  for  a  couBiderable  distance  into 
ttie  limlw.  Malpighian  vessels  are  absent.  There  is  a  heart  witli  two  or  three 
pairs  of  ostia.  Organs  of  respiration  are  absent.  The  aervoua  system  consists 
of  brain,  sub-iEsopbageal  ganglia  and  three  other  ganglia.  The  testes  in  the  nude 
*re  partly,  and  tlie  ovaries  in  the  female  either  partly  or  completely,  contained 
in  the  bsjiea  of  the  thoracic  appendages  on  wliich  they  open.  In  the  male  4-7 
Aement  glands  ore  situated  in  the  fourth  joints  of  certain  of  the  appendages  ; 
their  secretion  cements  the  eggs  together  into  masses  which  are  carried  on  the 
ovigerous  legs  of  the  male,  and  in  one  species  on  those  of  the  female  also. 

A  metamorphosis  occurs  in  meet  cases.  The  larva  usually  has  three  pairs  of 
appendages,  so  thnt   it  bears  a  superficial  resemblance  to  a  imuplius ;  but  the 
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appendagea  are  iiniple  and  in  other  regpects  the  larva  has  no  euentisl  likeneu 
to  the  uaupliua  form;     Additional  tegmeDtB  with  their  appenilagea  are  formed 


))ehind  the  original  three  until  the  form  of  the  adult  is  completed.     Different 
kinds  of  Pycnogouida  cxk^uf  at  different  iteptha  from  between  tidal  limitB  to 
considerable  depths   in  the  ocean.     The  larva>  of  the  apecies  of  one  genua  are 
internal    paTaaitei    in   certain    hydroid 
Zoophytes.  _,. 


The   Lisof 


I  Pentaotomid 


The  Linguatulida  (Fig.  521)  are  para- 
sitic animals  which,  when  superficially 
examined,  present  little  appearance  of 
affinity  with  the  Arthropods.  The  body 
is  oompletely  worm-like,  not  divideil 
into  regions,  and  presenting  only  a  super- 
ficial annulation,  which  in  no  way  cor- 
reapoads  with  division  of  the  body  into 
Mgments.  The  sole  representatives  of 
limbs  are  four  hooks  (hk. )  at  the  sides 
of  the  mouth.  The  muscular  fibres  are 
striated.  Tlie  alimeiitarj-  canal  is  simple 
and  straight,  and  Malpighian  tubes  are 
absent.  Heart  and  organs  of  respira- 
tion are  wanting.  The  nervous  system 
ia  greatly  reiluced.  A  narrow  nen-e- 
collar  surrounds  the  reaophagus,  present- 
ing no  brain  enlargement,  and  connected 
behind  with  a  single  ventral  nerve  mass. 
Organs  of  special  sense  are  absent. 

Some  species  of  Pentastomum  are  in 
the  adult  condition  parasites  in  the 
lungs  of  snakes.  One  species  {Penlatro- 
mum  fnfniotifr*)  inhabits  certain  cavities 
— the  frontal  sinuses  and  maxillary  antra 
— GomMCtcd   with  the  nasal  chaml>eni, 
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in  the  Dog  and  Wolf.  Its  embryoR  escaping  anil  faJling  on  gross  anil  other 
herbage,  which  fonn  the  food  of  Hares  anil  Rabbits,  are  taken  up  by  the  latter, 
and  pei'forating  the  wall  of  the  alimentary  canal,  by  means  of  a  boring 
apparatUB  composed  of  Beveral  chitinous  piecea,  lodge  themselves  in  the  liver, 
where  the}'  become  encj'sted  and  undergo  'a  metamorphosis.  Afterwaiiis  they 
leave  the  cysts  and  move  about.  If  it  should  be  received  into  the  month  of  a 
Dog  (still  contained  probably  in  most  cases  in  the  tissues  of  the  Hare  or  Rabbit) 
the  young  Pentaatomum  may  find  its  way  to  the  frontal  sinuses  or  maxillary 
antra,  there  to  undergo  its  final  transformation  into  the  adult  form.  The  larva 
poasesses  two  pairs  of  short  legs. 

The  Tardiorada. 

The  Tardigradft  ("bear  animalcules  ")  are  soft-skinned  animals  (Fig.  522)  of 
minute  size,  not  cxceeiling  a  millimetre  in  length.  The  body  is  unsegmented  and 
not  distinguisliable  into  regions,  except 
that  in  some  a  slight  consti-iction  separates 
olf  from  the  rest  an  anterior  jMtrt  or  head. 
The  mouth  is  provideii  with  a  sucking 
prolioscis.  Tlierc  are  four  pairs  of  short 
unjoinled  lege  (I. —IV.),  the  last  of  which 
is  terminal,  and  each  is  provjdeil  with 
two  or  four  claws.  The  month  is  sur- 
rounded by  papillie  ;  the  buccal  cavity 
contains  a  pair  uf  homy,  sometimes  partly 
calcified,  teeth  {Mi/l. ).  The  ducts  of  a  pair 
of  salivary  (?)  glanda  (iw/i)  open  into  the 
cavity  of  the  mouth  ;  there  is  a  muscular 
pharynx  {ph.),  a  narrow  resophagus,  and 
a  wide  mesenteron  {xlom.) ;  the  anus  is 
'  sub-teiminal.  situateil  in  front  of  the 
last  pair  of  limits.  A  pair  of  tubes  lino/.) 
which  open  into  the  terminal  part  of  the 
intestine  are  perhaps  repreaenlatives  of 
Malpighian  tubes.  The  muscles  are  all 
non-striated.  There  are  no  organs  of  re. 
spiration,  and  heart  and  blood-vessels  are 
likewise  absent.  There  is  n  brain  and  a 
ventral  nerve-cord  with  four  ganglia. 
Two  eycspots  situated  at  the  anterior 
end  are  the  only  represent alives  of 
organs  of  special  sense.  The  gonads  in 
both  sexes  are  saccular,  and  open  into 
the  terminal  part  of  the  intestine.  Seg- 
mentation is  complete  and  regular.  The 
young  animal  at  one  stage  has  only  two 
pairs  of  niilimentary  legs,  but  develops 
the  full  numbei-  before  being  hatched, 
ir  distinct  segments, 
ongst  damp  moss,  others  in  fresh  or  in  salt 
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Relationships  of  the  Air-breathing  Arthropoda.^ 

Notwithstanding  the  existence  of  some  striking  superficial 
resemblances  between  the  Arachnida  and  the  Insecta,  the  evidence 
afforded'by  anatomy  and  embrj-ology  points  to  the  conclusion  that 
there  is  no  direct  genetic  relationship  between  the  two  groups. 
The  occurrence  in  both  of  a  peculiar  form  of  respiratory  organs, 
the  tracheae,  seems  at  first  sight  to  indicate  such  a  relationship ; 
but  the  evidence  of  an  independent  origin  is  so  strong  that  it 
must  be  supposed  that  the  trachea?  have  been  independently 
developed  in  the  two  classes.  The  most  important  points  of 
difference  are  the  separation  of  head  and  thonix  in  the  Insecta, 
the  mode  of  development  of  the  eyes,  the  presence  in  the  Arachnida 
of  an  extensive  *'  liver  "  and  (perhaps)  the  endodennal  origin  of 
the  Malpighian  tubes  in  the  latter  class. 

Resemblances  between  Limulus  and  the  Scorpions  are  readily 
apparent.  In  both  there  is  a  cephalothorax  bearing  six  pairs 
of  appendages,  together  with  two  median  and  several  lateral 
eyes.  The  appendages  in  both  are  all  originally  post-oral,  the 
first  pair  becoming  pne-oral  in  course  of  growth,  and  the  ganglia 
belonging  to  it  coalescing  with  the  brain.  The  upper  up  be- 
tween the  bases  of  these  appendages  is  similarly  developed  in 
both.  The  pair  of  processes  situated  behind  the  sixth  i>air  of 
appendages,  which  in  Limulus  form  the  chilaria,  are  represented 
in  the  Scorpions  by  a  small  pentagonal  plate  in  front  of  the  oper- 
culum. The  abdomen  of  Limulus  corresponds  to  the  prae-  and 
post-abdomen  of  the  Scorpion ;  it  contains  only  eight  segments ; 
out  there  is  evidence,  from  a  comparison  with  certain  fossil  forms, 
that  the  last  segment  repre.sents  several  united  metameres.  A 
certain  amount  of  correspondence  is  also  traceable  in  the  apjK'nd- 
ages  of  the  abdomen.  In  both  the  first  pair  form  the  o|)erculum  ; 
in  the  Scorpion  the  second  pair  form  the  pectines,  while  the  rest 
disappear ;  in  Limulus  all  persist  as  the  lamellifomi  appendages  to 
which  the  book-gills  are  attached.  In  structure  there  is  consider- 
able similarity  between  the  book-gills  of  Limulus  and  the  book- 
lungs  of  the  Scorpion,  but  how  far  they  are  equivalent  to  <»ne 
another  remains  aoubtful  in  view  of  the  difference  in  their 
position,  the  book-gills  being  attached  to  the  dorsal  surfiice  of  the 
abdominal  appendages  and  the  book-lungs  sunk  within  the 
segments. 

The  presence  in  both  of  the  large  "  liver,"  of  a  circum-a^sojAageal 
artery,   of  a  cartilaginous  endostemite,  and  of  a   jmir   of  coxal 

^  The  Xiphosura  and  also  the  Pent  custom  uia,  though  not  air-breathing,  are 
diacusBed  here. 
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glands  on  the  basal  joints  of  the  appendages  of  the  fifth  pair,  are 
some  of  the  points  of  correspondence  in  the  internal  anatomy. 

While  Limulus  is  thus  closely  related  to  the  Scorpions  on  the 
one  hand,  it  exhibits,  on  the  other,  indications  of  affinities  with  the 
Trilobites,  a  group  of  extinct  Arthropods  probably  finding  their 
nearest  existing  allies  in  the  Phyllopod  Crustacea  (p.  559).  This 
resemblance  to  the  Trilobites  is  most  marked  in  the  stage — the 
trilobite  stage — in  which  the  young  King-crab  escapes  from  the 
egg.  Certain  fossil  representatives  of  the  Xiphosura  come  still 
nearer  to  the  Trilobites  than  the  adult  Limulus,  and  thus  increase 
the  probability  that  there  is  a  genetic  connection  between  the  two 
groups. 

It  seems  probable  that  the  air-breathing  Arachnida  were 
derived  through  Limulus-like  ancestors  from  the  Crustacea,  and 
that  the  tracheae  were  developed  as  modifications  of  the  pulmonary 
sacs,  the  latter  having  been  originally  derived  from  gills  like  those 
of  Limulus. 

There  is  a  very  evident  close  relationship  between  the  Myria- 
poda  and  the  Insecta.  The  Insects  are  more  highly  specialised, 
and  have  their  structure  modified  in  adaptation  to  a  special  mode 
of  locomotion,  but  the  resemblances  in  many  respects  are  very 
strong.  One  of  the  most  striking  points  of  difference  is  the 
indefiniteness  in  the  number  of  the  segments  in  the  Myriapoda, 
and  their  constant  and  definite  arrangement  in  the  Insecta. 
The  well-defined  thorax  of  the  Insects  is  wanting  in  the  Myriapods 
in  general,  but  certain  of  the  segments  following  the  head  diffier 
from  the  rest  in  various  respects,  and  might  be  looked  upon  as 
constituting  a  thoracic  region.  The  presence  in  both  groups  of  a 
sharply  marked-off*  head  bearing  antenna?  and  jaws  is  an  important 
point  of  resemblance  ;  so  is  the  absence  in  both  of  the  voluminous 
"  liver  "  of  the  Crustacea  and  Arachnida.  The  gap  between  the 
two  classes  is  narrowed  by  two  converging  groups — the  Symphyla 
among  the  Myriapoda  on  the  one  hand,  anci  the  wingless  and  in 
other  respects  primitive  Aptera  among  the  Insecta  on  the  other. 

While  the  Insecta  thus  appear  to  be  nearly  related  to  the 
Myriapoda,  there  are  indications  of  relationship  between  the  latter 
class  and  the  Onychophora,  and,  through  these,  the  Chaetopoda. 
The  elongated,  homonomously  segmented  body,  the  well-defined 
head  with  its  antennae,  the  occurrence  of  similar  appendages  on  all 
the  body  segments,  all  point  in  this  direction.  Accordingly,  instead 
of  placing  the  branchiate  Arthropoda  in  one  group  and  all  the 
air-breathing  forms  in  another,  and  deri\'ing  the  latter  from  the 
former,  we  should  probably  express  more  correctly  the  affinities  of 
the  various  groups  of  Arthropods  by  some  such  scheme  as  that 
expressed  in  the  diagram  (Fig.  523). 

Here  an  intermediate  link  between  Annelida  and  the  existing 
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Arthropoda  is  supposed  to  have  been  constituted  by  hj'pothetical 
primitive  forms  from  which  Peripatus,  the  Insecta,  and  the 
Myriapoda  are  supposed  to  have  been  evolved  in  the  one  direction, 
and  the  Crustacea,  Euiy-pterida,  Xiphosura,  and  air-breathing 
Arachnida  in  the  other. 

On  account  mainly  of  general  resemblances  to  the  Spiders,  the 
Pycnogonida  have  frequently  been  grouped  with  the  Arachnida, 
and  attempts  have  been  made  to  homologise  their  appendages 
with  those  of  the  Spiders  and  Scorpions.     There  is  one  pair  more 
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Fut.  523.— Diagram  to  illiiHtmtc  the  ftffinitioH  of  the  Arthn.«i»»M!n. 


in  the  Pycnogonida ;  and  either  the  last  piir  would  have  to  be  set 
down  as  corresjxmding  to  the  vestigial  tii-st  abdominal  {mir  of  the 
ordinarj'  Arachnida,  or  the  ovigunjus  lt»gs  would  have  t<j  be 
reckoned,  not  as  independent  apiKudagcs,  but  as  jxirts  of  the 
second  pair,  a  view  for  which  there  is  sonu*  ground.  A  close 
relationship  with  the  Arachnida,  however,  cannot  Ih»  tnictKl,  and 
their  affinities  are  pi»rhaps  best  expressed,  as  in  the  diagram,  by 
connecting  them  with  the  Arachnid  bmnch  of  thi'  ArthrojxHl  tn:'e 
at  a  point  below  that  at  which  the  air-breathing  forms  had  bi»come 
developed  from  forms  allied  to  the  Xi])hosum. 

The  position  of  the  Pentastomida  is  a  matter  of  uncertainty. 
In  the  absence  of  organs  of  re.spiration  an<l  excretitai,  the  only 
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feature  in  the  adult  which  distinctly  points  to  arthropod  affinities 
is  the  striated  character  of  the  muscular  tissue.  The  presence  of 
two  pairs  of  legs  in  the  larva,  however,  is  sufficient  to  confirm  the 
position  of  the  group  as  aberrant  and  probably  degenerate  Arthro- 
pods, while  leaving  it  uncertain  in  what  class  they  find  their  near- 
est allies.  The  Tardigrada  are  still  more  aberrant  in  some  respects. 
They  differ  from  Arthropods  in  general  in  the  absence  of  external 
segmentation  in  the  adult  state,  in  the  simple  unjointed  character 
of  the  appendages,  in  the  absence  of  striation  in  the  muscular 
fibres,  and  in  the  absence  of  organs  of  respiration  and  circulation. 
It  is  impossible  to  place  them  in  any  of  the  great  classes,  and  they 
are  perhaps  best  looked  upon  as  a  special  offset  of  the  Arthropod 
tree  given  off  near  the  base. 


SECTION   XII 
PHYLUM  MOLLUSCA 

The  MoUusca,  like  the  Arthropoda,  form  one  of  the  chief 
divisions  of  the  animal  kingdom,  both  for  diversity  of  organiza- 
tion and  for  number  of  genera  and  species.  They  are  sharply 
distinguished  from  Arthropods  by  the  absence  of  segmentation, 
and  by  having,  as  a  rule,  an  exaskeleton  in  the  fonn  of  a  shdl, 
usuallv  external,  sometimes  internal.  An  enumeration  of  the 
Classes  of  the  Phylum  will  serve  to  give  some  notion  of  its 
extent. 

Class  1. — Pelecypoda,  including  the  bivalved  Shell-fish,  such 
as  Mussels,  Cockles,  Oysters,  &c. 

Class  2. — Amphixeura,  including  the  Chitons  and  their  allies. 

Class  3. — Gastropoda,  including  the  univalved  Shell-fish,  such 
as  Periwinkles,  Whelks,  Snails,  Slugs,  &c. 

Class  4. — SCAPHOPODA,  including  the  Tooth-shells. 

Class  5. — Cephau)Poda,  including  the  Cuttle-fishes,  S<|uids, 
Octopi,  and  Nautili. 

CLASS  I.— PELECTPODA. 

I.  Example  of  the  Class — The  Fresh-water  Mussels 

{Anodonta   and   Unio). 

Fresh-water  Mussels  are  found  in  rivers  and  lakes  in  most  pirts 
of  the  world.  Aiioiloiita  vygnea,  the  Swan-mussel,  is  the  commonest 
species  in  England  ;  but  the  Pearl-mussel,  Unio  martjaritifer  is 
found  in  mountain  streams,  and  other  si)ecies  of  the  same  genus 
are  universiillv  distributed. 

The  Mussel  (Fig.  524)  is  enclostnl  in  a  brown  shell  fonned  of 
two  separate  halves  or  valves  hinged  t(»gether  along  one  edge. 
It  lies  on  the  bottom,  jmrtly  buried  in  the  mud  or  siind,  with  the 
valves   slightly  givping,  and   in  the  nam»w  cleft  thus   fonned  a 


delicate,  semi-transparent  substance  (_m.)  is  sceii.  the  eilge  of  the 
munUe  or  pallium.  The  mantle  really  consists  of  separate  halves 
or  Ides  corresponding  with  the  valves  of  the  shell,  but  in  the 
position  of  rest  the  two  lobes  are  so  closely  approximated  as  to  ^ 
appear  simply  like  a  membrane  muting  the  valves.  At  one  end, 
however,  the  mantle  projects  between  the  valves  in  the  form  of 
two  short  tubes,  one  (e-c.  spk.)  smooth- walled,  the  other  (in.  spA.) 
beset  with  delicate  processes  or  Jimbricv.  By  difiusing  particles  of 
carmine  or  indigo  in  the  water  it  can  be  seen  that  a  current  is 
always  passing  in  at  the  fimbriated  tube,  hence  called  the  inhalant 
siphon,  and  out  at  the  smooth  or  e^kalant  siphon.  Frequently  a 
semi-transparent,  tongue-like  body  {ft.)  is  protruded  between  the 
valves  at  the  opposite  aide  from  the  hinge  and  at  the  end  furthest 
from  the  siphons:  this  is  the/ooi,  by  its  means  the  animal  is  able 
slowly  to  plough  its  way  through  the  sand  or  mud.     When  the 
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siphons  are  withdrawn  and  the 
animal,  on  the  other  hand,  the 


Mussel  is  irritated  the  foot  and  i 
valves  tightly  closed.  In  a  dead  e 
shell  always  gapes,  and  it  can  then  be  seen  that  ench  valve  i 
lined  by  the  corresponding  lobe  of  the  mantle,  that  the  exhalant 
siphon  is  formed  by  the  union  of  the  lobes  above  and  below  it, 
and  is  thus  an  actual  tube,  but  that  the  boundary  of  the  inhalant 
siphon  facing  the  gape  of  the  shell  is  simply  fonned  by  the 
approximation  of  the  mantle-lobes,  so  that  this  tube  is  a  tem- 
porary one. 

The  hinge  of  the  shell  is  dorsal,  the  gape  ventral,  the  end 
bearing  the  siphons  posterior,  the  end  from  which  the  foot  i«.. 
protruded  anterior:  hence  the  valves  and  mantle-lobes  are  re- 
spectively right  and  left. 

In  a  dead  and  gaping  Mussel  the  general  disposition  of  the 
parts  of  the  animal  is  readily  seen.     The  main  part  of  the  body 
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lies  between  the  dorsal  ends  of  the  valves :  it  is  produced  in  the 
middle  ventral  line  into  the  keel-like  foot:  and  on  each  side, 
between  the  foot  and  the  corresponding  mantle-lobe,  are  two  deli- 
cate, striated  plates,  the  ffilh  (Fig.  530).  Thus  the  whole  animal 
has  been  compared  to  a  book,  the  back  being  represented  by  the 
binge,  the  covers  by  the  valves,  the  fly-leaves  by  the  mantle-lobes, 
the  two  first  and  the  two  last  pages  by  the  gills,  and  the  re- 
mainder of  the  leaves  by  the  foot. 

The  Shell — When  the  body  of  the  mussel  is  removed  from 
the  shell  the  two  valves  are  seen  to  be  united,  along  a  straight 


hinge-line  (Fig.  525,  A,  A./.),  bv  a  tough,  elastic  substance,  the 
hinge-ligament  {Yi^.bl'ia.ndnW  J  If.)  j>nssingtraiisvi.Tsi.'lyfnini  valve 
to  valve.  It  is  by  the  elasticity  of  thi.-*  ligament  that  the  shell  is 
opened ;  it  is  closed,  as  we  shall  see.  by  muscular  action  i  hence 
the  mere  relaxation  of  the  muscles  o]iciis  the  shell.  In  Ano<l'>nta 
the  only  junction  between  thf  two  Vii)vi-s  is  afti>rcle<l  by  the  liga- 
ment, but  in  Unio  each  is  i>riMluc<.(l  into  strong  projections  and 
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ridges,  the  hingn-teeth,  separated  by  grooves  or  sockets,  and  so 
arranged  that  the  teeth  of  one  valve  tit  into  the  sockets  of  the 
other. 

The  valves  are  marked  externally  by  a  series  of  concentric  lines 
(Fi^.  524)  parallel  with  the  free  edge  or  gape,  and  starting  from  a 
swollen  kuob  or  elevation,  the  umbo  (wnt.),  situated  towards  the 
anterior  edge  of  the  hinge-line.  These  lines  are  /iTies  of  ffwwth. 
The  shell  is  thickest  at  the  umbo,  which  represents  the  part 
first  formed  in  the  young  animal,  and  new  layers  are  deposited 
under  this  original  portion,  as  secretions  from  the  mantle.  As  the 
animal  grows  each  layer  projects  beyond  its  predecessor,  and  in 
this  way  successive  niitcrops  are  produced  giving  rise  to  the 
markings  in  question.  In 
the  region  of  the  umbo 
the  shell  is  usually  more 
or  less  eroded  b^  the 
action  of  the  carbonic  acid 
in  the  water. 

The  inner  surface  of  the 
shell  also  presents  charac- 
teristic raarkincB  (Fig. 
5-25,  A).  Parallel  with 
the  gape  and  at  a  short 
distance  from  it  is  a  deli- 
cate streak  (pl.l.)  caused  . 
by  the  insertion  into  the 
shell  of  muscular  fibres 
from  the  edge  of  the 
mantle :  the  streak  is 
hence  called  the  pallial 
line.  Beneath  the  anterior 
end  of  the  hinge  the 
pallial  line  ends  in  an 
oval  mark,  the  anterior 
adductor  impression  (a,  arf.),  into  which  is  inserted  one  of  the 
muscles  which  close  the  shell.  A  similar  but  larger  posterior 
addiiclor  impression  (p.  ad.)  lies  beneath  the  posterior  end  of  the 
hinge.  Two  smaller  markings  in  close  relation  with  the  anterior 
adductor  impression  mark  the  origin  of  the  anterior  refractor  (a.  r.) 
and  of  the  protractor  (pre.)  of  the  foot :  one  connected  with  the 
praterior  adductor  impression  is  that  of  the  posterior  retractor  (p.  r.) 
of  the  foot.  From  all  these  impressions  faint  converging  lines  can  ^ 
be  traced  to  the  umbo :  they  mark  the  gradual  shifting  of  the  > 
muscles  during  the  growth  of  the  animal 

The  shell  consists  of  three  layers.     Outside  is  a  brown  hom-like 
layer,  the  perioslracttm  (Fig.  526,  pre),  composed  of  conchiolin,  a   ■ 
iibstiince   allied   in   composition   to   ehitin.     Beneath   this  is 
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prismatic  layer  (prs.)  formed  of  minute  prisms  of  calcium  car- 
bonate separated  by  thin  layers  of  conchiolin ;  and,  lastly,  forming 
the  internal  part  of  the  shell  is  the  nacre  (n.\  or  "  mother-of-pearl,  * 
formed  of  alternate  layers  of  carbonate  of  lime  and  conchiolin 
arranged  parallel  to  the  surface.  The  periostracum  and  the  pris- 
matic layer  are  secreted  from  the  edge  of  the  mantle  only,  the 
pearly  layer  from  the  whole  of  its  outer  surface.  The  hinge 
ligament  is  continuous  with  the  periostracum,  and  is  to  be  looked 
upon  simply  as  a  median  uncalcihed  portion  of  the  shell,  which  is 
therefore,  in  strictness,  a  single  continuous  structure. 

By  the  removal  of  the  shell  the  body  of  the  animal  (Fig.  523,  B) 
is  seen  to  be  elongated  from  before  backwards,  narrow  from  side 
to  side,  produced  on  each  side  into  a  mantle-lobe  (?/i.)  and  con- 
tinued ventrally  into  a  keel-like  visceral  mass  (Fig.  527,  r.7/?.),  which 
passes  below  and  in  front  into  the  foot  (//.).  Thus  each  valve  of 
the  shell  is  in  contact  with  the  dorso-lateral  region  of  the  body 
of  its  own  side  together  with  the  corresponding  mantle-lobe,  and 
it  is  from  the  epithelium  (Fig.  526,  ep})  covering  these  parts  that 
the  shell  is  formed  as  a  cuticular  secretion.  The  whole  space 
between  the  two  mantle-lobes,  containing  the  gills,  visceral  mass, 
and  foot,  is  called  the  mantle-cavity. 

A  single  layer  of  epithelial  cells  covers  the  whole  external  sur- 
face, i.e.  the  body  proper,  both  surfaces  of  the  mantle,  the  gills, 
and  foot ;  that  of  the  gills  and  of  the  inner  surface  of  the  mantle 
(Fig.  526,  ep.^)  is  ciliated.  Beneath  the  ej)idermis  come  connective 
and  muscular  tissue,.which  occupy  nearly  the  whole  of  the  interior 
of  the  body  not  taken  up  by  the  viscera,  the  coelome  being,  as  we 
shall  see,  much  reduced.  The  muscles  are  all  unstri])ed,  and  are 
arranged  in  distinct  bands  or  sheets,  many  of  them  very  large  and 
conspicuous.  The  largest  are  the  anterior  and  posterior  adductors 
(Figs.  525  and  527,  a.  ad.,  p.  ad.),  groat  cylindrical  muscles,  jiass- 
ing  transversely  across  the  body  and  inserted  at  either  end  into 
the  valves  of  the  shell,  which  are  approximated  by  their  con- 
traction. Two  muscles  of  much  smaller  size  pass  from  the  shell 
to  the  foot,  which  thev  serve  to  draw  Ixick :  thev  are  the  anterior 
(a.  r.)  and  postenor  (p.  r.)  retractors  of  the  foot.  A  thin!  foot-muscle 
(pre.)  arises  from  the  shell,  close  to  the  anterior  adductor,  and  has 
its  fibres  spread  fan-wise  over  the  visceml  mass,  which  it  starves  to 
compress,  thus  forcing  out  the  foot  and  acting  as  a  protractor  of 
that  organ.  The  substance  of  the  foot  itself  consists  of  a  complex 
mass  of  fibres,  the  intrinsic  muscles  oi  the  fix)t,  manv  of  which  also 
act  as  protractors.  Lastly,  all  along  the  bonier  of  the  mantle  is  a 
row  of  delicate  pallial  muscles  (Fig.  525,  B,  pi.  m.),  which,  by  their 
insertion  into  the  .shell,  give  ri.se  to  the  jxillial  line  already  seen. 

The  ccBlome  is  reduced  to  a  single  ovoidal  chamber,  the  jyeri- 
cardium  (Fig.  527, 7)^.),  Inng  in  the  dorsiil  region  of  the  Ixnly  and 
containing  the  heart  and  |)art  of  the  intestine;   it  is  lined  by 


636  ZOOLOGY  sect. 

(Kelomic  epitheHum.  In  the  remainder  of  the  body  the  space 
between  the  ectoderm  and  the  viscera  is  filled  by  the  muscles 
and  connective  tissue. 

DigeitiTC  organ*. — The  mouth  (Fie.  527, 7nth.)  lies  in  the 
middle  line,  just  below  the  anterior  adductor.  On  each  side  of 
it  are  two  triangular  flaps,  the  internal  {Lint,  pip.)  and  external 
{l.ext.  pl-p.),  labial  palps ;  the  external  palps  unite  \vith  one  another 
in  front  of  the  mouth,  forming  an  upper  lip;  the  internal  are 
similarly  united  behind  the  mouth,  forming  a  lower  lip;  both  are 
ciliated  externally.  The  mouth  leads  by  a  short  gullet  (Fig.  528, 
gul.)  into  a  large  stomath  (st.),  which  receives  the  ducts  (rf.rf.)  of  a 
pair  of  irregular,  dark -brown  digestive  glands  (d.gl.).     The  intestine 
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(inJ.)  is  given  off  from  the  posterior  end  of  the  stomach,  descends 
into  the  visceral  mass,  where  it  is  coiled  upon  itself,  then  ascends 
parallel  to  its  first  portion,  turns  sharply  backwards,  and  proceeds, 
as  the  rectum  (ret.),  through  the  pericanlium,  where  it  traverses  the 
ventricle  of  the  heart,  and  above  the  posterior  adductor,  finally 
discharging  by  the  anus  («.)  into  the  exhalant  siphon,  or  cloaca. 
The  wall  of  the  rectum  is  produced  into  a  longitudinal  ridge,  or 
tijplilosole  (t)/.),  like  that  of  the  Earthworm,  and  two  similar  ridges 
begin  in  the  stemach  and  are  continued  into  the  first  portion  of 
the  intestine.  The  stomach  contains,  at  certain  seasons  of  the 
year,  a  gelatinous  rod,  the  crystalline  style. 

The  glUi  consist,  as  we  have  seen,  of  two  plate-like  bodies  on 
each  side  between  the  risceral  ma.ss  and  the  mantle :  we  have  thus 
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a  right  and  a  left  miter  (Fig.  527,  /.  ext.  gl.),  and  a  right  and  a  l^ 
inner  gill  (I.  int.  gl.).  Seen  from  the  surface,  each  gill  presents  a 
delicate  double  atriation,  being  marked  by  faint  lines  running 
parallel  with,  and  by  more  pronounced  lines  running  at  right 
angles  to,  the  long  axis  of  the  organ.  Moreover,  each  gilf  is 
double,  being  formed  of  two  similar  plates,  the  inner  and  outer 
lamellcn,  united  with  one  another  along  the  anterior,  ventral, 
and  posterior  edges  of  the  gill,  but  free  dorsally.  The  gill  has  thus 
the  form  of  a  long  and  extremely  narrow  bag  open  above  (Figs.  528, 
529  and  530) :  its  cavity  is  subdivided  by  vertical  bars  of  tissue, 
the  inter-lamellar  junctioTis  (i.  I.  J.),  which  extend  between  the  two 
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lamellie,  and  divide  the  intervening  space  into  distinct  compart- 
ments or  water-tubes  {id.  t.),  closed  ventrally,  but  freely  open  along 
the  dorsal  edge  of  the  gill.  The  vertical  striation  of  the  gill  is 
due  to  the  fact  that  each  lamella  is  made  up  of  a  number  of 
close-set  gUl-filaments  (/.):  the  longitudinal  striation  to  the 
circumstance  that  these  filaments  are  connected  by  horizontal 
bars,  the  inter-Jilamcntar  jufictions  (i.  /.  J.).  At  the  thin  free  or 
ventral  edge  of  the  gill  the  filaments  of  the  two  lamelliB  are  con- 
tinuous with  one  another,  so,  that  each  gill  has  actually  a  single 
set  of  V-.shapcd  filaments,  the  outer  limbs  of  which  go  to  form  the 
outer  lamella,  their  inner  limbs  the  inner  lamella.     Between  the 
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filaments,  and  bounded  above  and  below  by  the  inter-tilainentar 
junctions,  are  minute  apertui-es,  or  odia  (os.J,  which  lead  from  the 
mantle-cavity  through  a  more  or  less  irregular  series  of  cavities 
into  the  interior  of  the  water-tubes.  The  filaments  themselves 
are  supported  by  chitinous  rods  ()■.),  and  are  covered  with  ciliated 
epithelium,  the  large  cilia  (Fig.  529j  D),  of  which  pro<luce  a  current 


ninning  from  the  exterior  through  the  ostia  into  the  water-tubes^  J 
and  finally  escaping  by  the  wide  dorsal  apertures  of  the  latter,  T 
The  whole  organ  is  traversed  by  bloodvessels  (6.  v.). 

The  mode  of  attachment  of  the  gills  presents  certain  features  of  \ 
importance.  The  outer  lamella  of  the  outer  gill  is  attached  along  f 
its  whole  length  to  the  mantle  {Fig.  530) :  the  inner  lamella  of  the  1 
outer,    and   the   outer   lamella   of  the   inner   giti    are   attached 
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together  k>  the  sides  of  the  visceral  mass  a  little  below  th&  origin 
<if  the  mantle  :  the  iniitir  lamella  of  the  inner  gill  is  also  attached 
to  the  visceral  mass  in  front  (A),  but  is  free  further  back  (B).  The 
gills  are  longer  than  the  visceral  mass,  and  project  behind  Jt,  below 


the  posterior  adductor  (C),  aa  far  as  the  posterior  edge  of  the 
mantle:  in  this  region  the  inner  lamellie  of  the  right  and  left 
inner  gills  are  united  with  one  another,  and  the  dorsal  edges 
of  all  four  gills  constitute  a  horizontal  partition  between  the  palTial 
cavity  below  and  the  eshaJnnt  chamber  or  cloaca  above.     Owing 
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to  this  arrangement  it  will  be  seen  that  the  water  tubes  all  open 
dorsally  into  a  supra-hraiichial  chamber  (s.  br.  c.)  continuous  pos- 
teriorly with  the  cloaca  and  thus  opening  on  the  exterior  by  the 
exhalant  siphon. 

The  physiological  importance  of  the  gills  will  now  be  obvious. 
By  the  action  of  their  cilia  a  current  is  produced  which  sets  in 
through  the  inhalant  siphon  into  the  pallial  cavity,  through  the 
ostia  into  the  water  tubes,  into  the  supra-branchial  chamber,  and 
out  at  the  exhalant  siphon.  The  in-going  current  carries  with  it 
not  only  oxygen  for  the  aeration  of  the  blood,  but  also  Diatoms, 
Infusoria  and  other  microscopic  organisms,  which  are  swept  into 
the  mouth  by  the  cilia  covering  the  labial  palps.  The  out-going 
current  carries  with  it  the  vanous  products  of  excretion  and  the 
faeces  passed  into  the  cloaca.  The  action  of  the  gills  in  producing 
the  food-current  is  of  more  importance  than  their  respiratory 
function,  which  they  share  with  the  mantle. 

The  excretory  organs  are  a  single  pair  of  curiously-modified 
Tneso-nephridia,  situated  one  on  each  side  of  the  body  just  below  the 
pericardium.  Each  nephridium  consists  of  two  pai-ts,  a  brown 
spongy  glandidar  portion  or  kidney  (Fig.  528,A:rf.),  and  a  thin- walled 
non-glandular  part  or  bladder  (bL).  The  two  parts  lie  parallel  to 
one  another,  the  bladder  being  placed  dorsally  and  immediately 
below  the  floor  of  the  pericardium :  they  communicate  with  one 
another  posteriorly,  while  in  front  the  kidney  opens  into  the 
pericardium  (r.  p.  ap.),  and  the  bladder  on  to  the  exterior  by  a 
minute  aperture  (r.  ap.),  situated  between  the  inner  gill  and  the 
visceral  mass.  Thus  the  whole  organ,  often  called  after  its  dis- 
coverer, the  organ  of  Bqjanit^,  is  simply  a  tube  bent  upon  itself, 
opening  at  one  end  into  the  ccelome,  and  at  the  other  on  the 
external  surface  of  the  body :  it  has  thus  the  normal  relations  of 
a  nephridium.  The  epithelium  of  the  bladder  is  ciliated,  and 
produces  an  outward  current. 

It  seems  probable  that  an  excretory  function  is  also  discharged 
by  a  large  grandular  mass  of  reddish-brown  colour,  called  the 
pericardial  gland  or  Kcber's  organ  (Fig.  580,  B,  k.  o.),  It  lies  in  the 
anterior  region  of  the  body  just  in  front  of  the  pericardium,  into 
which  it  discharges. 

The  circulatory  system  is  well  developed.  The  heart  lies  in 
the  pericardium  and  consists  of  a  single  ventricle  (Figs.  528,  530, 
and  531,  v.)  and  of  right  and  left  auricles  (an.).  The  ventricle  is 
a  muscular  chamber  which  has  the  peculiarity  of  surrounding 
the  rectum  (Figs.  528  and  530,  B) :  the  auricles  are  thin-walled 
chambers  communicating  with  the  ventricle  by  valvular  apertures 
opening  towards  the  latter.  From  each  end  of  the  ventricle  an 
artery  is  given  off,  the  anterior  aorta  (Fig.  528,  a.  ao.)  passing 
above,  the  posterior  ao)ia,  (p.  ao.)  below  the  rectum.  From  the 
aortiv  the  blood   passes  into  arteries  (Fig.  531,  art}  art})  which 


xu  PHYTXM  MOLLUSC  A  841 

ramify  nH  river  the  luxly,  finally  fomiing  an  extensive  network  of 
vessels,  many  of  which  are  devoid  of  proper  walls,  and  have  there- 
fore the  nature  of  sinuses.  The  returning  blood  passes  into  a 
large  longitudinal  vein,  the  vena  cava  {v.  c)  placed  l>etween  the 
nephridia,  whence  it  is  taken  to  the  kidneys  themselves  (itfih.  v.), 
thence  by  affererU  branchial  veins  {a/,  hr.  v.)  to  the  gills,  and  is  finally 
returned  by  tfftrent  branchial  veins  (ef.  br.  v.)  to  the  auricles.  The 
mantle  has  a  very  extensive  blood  supply,  and  probably  acts  as  the 
chief  respiratiiry  orgiin :  its   blood  (art})  is  returned  directly  to 
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the  auricles  wiihtnit  passing  through  either  the  kidneys  or  the 
gills.     The  bliHKl  is  cijtourless  and  contains  leucocytes. 

The  aerrouB  lyitem  is  fonned  on  a  type  quite  different  from 
anything  wo  have  yet  met  with.  On  each  side  of  the  gullet  is  a 
small  cerehro-plcurat  ganglion.  (Fig.  528,  c.pl.gn.)  unitwl  with  its 
fellow  of  the  opposite  side  by  a  nerve-cord,  the  cerebral  commitsure. 
passing  above  the  gullet.  Each  cerebro-pleumi  ganglion  also  gives 
off  a  cord,  the  cfrthro-prdal  connective,  which  passes  downwards 
and  backwards  to  a  jicihtl  gnnglitm  (jid.  ijn.)  situated  at  the  junction 
of  the  visceral  mass  with  the  foot :  the  two  pedal  ganglia  are  so 
closely  iinite<:l  as  to  form  a  single  bilobea  mass.  From  each 
oerebro-pleural  ganglion  there  further  proceeds  a  li>ng  crrebro- 
vimxrai  cmiTieclivt'  which  passes  directly  hackwards.  through  the 
kidney,and  ends  in  a  Tixnvl  ganglion  (v.ifn.)  placed  on  the  ventral 
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aide  of  the  posterior  adductor  muscle.  The  viscem!,  like  the 
pedal  ganglia,  are  fused  together.  The  cerebro-pleuml  ganglia 
supply  the  labial  palps  and  the  anterior  part  iif  the  mantle ;  the 
pedal  the  foot  and  its  muscles ;  the  visceral  the  enteric  canal,  heart, 
gilts,  and  poaterior  portion  of  the  mantle. 

It  will  be  seen  that  the  cerebral  commissureB  and  cerebro-pedal 
connectives  together  with  the  cerebro-pleural  and  pedal  ganglia, 
form  a  nerve  rmg  which  surrounds  the  gullet :  the  cerebnt-pleural 
ganglia  may  be  looked  iipon  as  a  supm-ceaophageal  nerve  mass 
corresponding  with  the  brain  of  Annelids  and  Arthropixls,  and  the 
pedal  ganglia  as  an  infra-cesophageal  mass  representing  the  ventral 
nerve  cord. 

SeoBory  organi  are  poorly  developed,  as  might  be  expected  in 
an  animal  uf  such  sedentary  habits.  In  connection  with  each 
visceral  ganglion  is  a  patch  of 
sensoiy  epithelium  forming 
the  so-called  olfectory  organ 
or,  better,  ospkradium,  the 
function  of  which  is  apparently 
to  test  the  purity  of  the  water 
entering  by  the  respirator;- 
current.  Close  to  the  pedal 
ganglion  a  minute  otocyst 
(Fig.  532)  is  sometimes  found, 
the  nerve  of  which  is  said  to 
spring  from  the  cerebro-pedal 
connective,  being  probably 
derived  from  the  cerebral 
gangUon.  Sensory  cells — prob- 
ably tactile — also  occur  round 
the  edge  of  the  mantle,  and 
""'"^•i  especially  on   the  hmbrise   of 

the  inhalant  siphon. 
ReproductlTe  organi. ^Tho  sexe^  are  separate.  The  gonads 
(Fig.  528.  ffoii.)  are  large,  paired,  racemose  glands,  occupying  a 
considerable  portion  of  the  visceral  mass  amongst  the  coils  of 
the  intestine :  the  testis  is  white,  the  ovarj'  reddish.  The  gonad 
of  each  side  has  a  short  duct  which  opens  (j.  ap.)  on  the  surftice 
of  the  visceral  mass  just  in  front  of  the  renal  aperture. 

In  the  breeding  season  the  eggs,  extruded  from  the  genital 
aperture,  pass  into  the  suprabiunchial  chamlier  and  so  to  the 
cloaca.  Tnere,  in  all  probability,  they  are  impregnated  by  aperms 
introduced  with  the  respiratory  current.  The  oosperms  are  then 
passed  into  the  cavities  of  the  outer  gills,  which  they  distend 
enormously.  Thus  the  outer  gills  act  as  brood-pouches,  and 
in  them  the  embrj'o  develops  into  the  peculiar  larval  form 
presently  to  be  described. 
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Development. — SegmcDtation  of  the  oosperm  is  complete,  but 
unequal.  A  gastrula  is  fonned  by  the  invagination  of  the  uiega- 
merea  into  the  micro- 
meres,  but  the  archen-  rh 
teron  (Fig.  533,  ent.) 
thus  formed  is  quite 
small  and  insignifi- 
cant, and  has  no 
physiolo^cal  import- 
ance until  a  late  period 
of  larval  life.  Certain 
of  the  cells  of  the 
gastrula  are  budded 
off  into  the  blasto- 
ctele,  where  they  ac- 
cumulate and  form 
the  mesoderm  (mes.). 
At  about  the  same 
time  a  deep  invagina- 
tion (srf.)  is  formed, 
which  might  easily  be 
mistaken    for  the  ar- 

chenteron,  but  ia  really  a  very  characteristic  molluscan  or^n, 
the  ehtll-gland :  it  marks  the  dorsal  surface  of  the  embrj'o.  The 
posterior  end  is  distinguished  by  a  tuft  of  long  cilia. 

The  shell-gland  becomes  converted  into  a  plate  of  long,  cylin- 
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drical  cells  (Fig.  534, »/.),  from  which  an  unjuiired  shell  (s.»  is 
secreted.  This  is  replaced  before  long  bv  a  bivalved  .-iht'll  of 
triangular  form,  its  ventral  angles  produce*!  into  incurvwl  hookh 
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beset  with  spines  (Fig.  535,  sli).  At  the  same  time  the  body  of  the 
larva,  which  has  hitherto  been  an  undivided  mass  projecting 
between  the  two  valves  of  the  shell,  becomes  cleft  from  below 
upwards,  and  thus  divided  into  a  single  dorsally-placed  body 
proper,  and  paired — right  and  left — mantle-lobes.  Upon  the  latter 
peculiar  brush-like  sense-organs  make  their  appearance,  and  on 
the  ventral  surface  of  the  body  is  formed  a  glandular  pouch,  which 
secretes  a  long  thread,  the  provisional  bt/ssus  (f).  The  mesoderm 
cells  give  rise  to  a  single  immense  adductor  muscle  (sm),  the  fibres 
of  which  extend  from  valve  to  valve. 

The  larva  ia  now  called  a  gloehidium :  it  remains  in  the  brood- 
pouch,  nourished  by  a  secretion  from  the  walls  of  the  latter,  and 
entangled  with  its  fellows  by  means  of  the  byssu"  At  this  stage 
the  outer  gill  appears  to  be  stuffed  full  of  closely  aggregated  sand- 
grains.     Before  long  the  larva?  are  ejected  through  the  enhalant 
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siphon,  and  Ue  in  masses  on  the  bottom  until  they  happen 
to  come  in  contact  with  a  passing  Stickleback  or  other  fresh-water 
Fish,  when  they  fix  themselves  on  some  part  of  its  Ixxiy  by  means, 
of  the  hooked  valves.  The  glochidia  of  Unio  usually  become 
attached  to  the  gills,  those  of  Anodonta  to  the  skin  or  the  fins. 
In  this  position  they  become  encysted  by  an  overgrowth  of  the 
skin  or  mucous  membrane  of  the  host,  and  are  nourished  by  its 
juices  absorbed  through  processes  of  the  mantle.  They  thus  lead 
a  tnily  ectoparasitic  existence  for  about  ten  weeks. 

While  in  this  condition  a  metamorphosis  takes  place.  The  pro- 
visional byssus  and  sense-organs  disappear  (Fig.  536),  and  imme- 
diately posterior  to  the  former  an  invagmation,  the  sltmialecum  (m), 
is  formed,  and  soon  communicates  with  tho  archenteron.  The 
posterior  end  of  this  cavity  is  in  close  contact  with  the  ectoderm, 
so  that  the  anus  is  formed  by  a  simple  process  of  nipture,  and 
without  the  development  of  a  proctodieum.  The  foot  (/")  arises  as 
a  median  ventral  elevation  behind  the  mouth,  and  on  each  side  of 
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it  two  papillsB  (k)  appear,  the  rudiments  of  the  gills.  The  larva  13 
now  fitted  for  free  existence :  it  drops  from  its  host,  and  f^radually 
asuumes  the  adult  form  and  mode  of  life. 


2.  DLTriNCTn'E  Characters  and  Classification. 

The  Pelec^'podft  are  bilaterally  symmetrical,  compressed  Molluscs, 
in  which  the  mantlt!  consists  of  paired  right  and  left  lobes,  secret- 
ing a  bivalved  cal- 
careous shell.  There 
is  no  distinct  head. 
The  ventral  region  of 
the  body  is  difterenti- 
at^  into  a  muscular 
foot,  which  is  usu- 
ally ploughshare-  or 
tongue  -  snaped  :  in 
some  ca.ses  there  is  a 
byasus-fflujul  posterior 
to  the  foot,  which  se- 
cretes a  mass  of  homy 
fibres,  the  bt/smis,  by 
which  the  animal  may 
be  permanently  at- 
tached. There  an.' 
usually  two  pairs  of 
gills,  but  the  two  gills 
of  each  side  are  to  be 
looked  upon  as  modi- 
fications of  a  single 
primitive  gill  or  cteni- 
aium ;  the  chief  func- 
tion of  the  gills  is  the 
production  of  a  re- 
spiratoTj'  and  food- 
carrying  current  of 
water  The  bo<ly  is 
covere<l  by  a  one- 
layered  epidermis, 
which  is  ciliati-d  on 
the   gills,  and  on   the  iTVhBii  ■  ."  iiaalt.T  iuii«.io ;  •»,  «i.«~.rK»u" :  t 

inner    surface    of    the  "^^   (j>,„..  i!..m.|,.i.  »nd  li.iJ«- jft-v-io.,.-., 

mantle.  The  muscular 

system  is  well  developed,  the  largest  muscles  being  either  one  or 
two  adduct-trs,  which  close  the  shell,  and  sevenil  bi.n.ls  conneetwl 
with  the  foot  and  byssus:  the  muscU-s  are  usually  unstriiKHl.  Ihe 
ctelome  is  reduced  "to  a  dorsal  ly-placed  iK'ricardiuin.     The  mouth 
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is  bounded  by  two  pairs  of  flat,  triangular  tentacles  or  labial  palps 
the  cilia  of  which  serve  to  carry  food  particles  to  the  mouth  :  the 
enteric  canal  is  coiled,  and  is  formed  mainly  from  the  mesenteron : 
there  are  large  paired  digestive  glands :  the  rectum  passes  through 
the  pericardium,  usually  perforates  the  ventricle,  and  ends  above 
the  posterior  adductor.  The  heart  is  contained  within  the  peri- 
cardium, and  consists  of  a  median  ventricle,  aivl  of  right  and  left 
auricles :  the  blood,  which  is  usually  colourless,  is  taken  from  the 
ventricle  to  the  body  by  one  or  two  aortse,  and  is  returned  partly 
directly,  partly  by  way  of  the  renal  organs  and  gills,  to  the  auricles. 
The  renal  organs  are  a  single  pair  of  meso-nephridia,  which  usually 
open  at  one  end  into  the  pericardium,  at  the  other  on  the  exterior. 
The  nervous  system  consists  typically  of  four  pairs  of  ganglia  callqd 
respectively  cerebral,  pleural,  pedal,  and  visceral :  the  cerebral  and 
pleural  of  each  side  are  usually  fused  into  a  single  cerebro-pleural 
ganglion.  The  chief  sense-organs  are  otocysts  and  osphradia  or 
water-testing  organs.  The  sexes  are  separate  or  united :  there 
are  no  accessory  organs  of  reproduction.  Development  is  accom- 
panied by  a  metamorphosis,  which  usually  includes  a  trochosphere 
stage. 

The  classification  of  the  Pelecypoda  is  as  follows : — 

Order  1. — Protobranchia. 

Pelecypoda,  in  which  the  gills  take  the  fonn  of  a  single  pair  of 
plume-like  organs  or  ctenidia,  each  with  two  rows  of  flattened 
gill-filaments.  The  foot  is  not  compressed,  but  has  a  flattened 
ventral  surface  or  sole  upon  which  the  animal  creeps.  There  are 
two  adductor  muscles. 

This  group  includes  only  four  genera — Nucula,  Yoldia,  Leda, 
and  Solenomya, 

Order  2. — Filibranchia. 

Pelecypoda,  in  which  there  are  two  pairs  of  plate-like  gills 
formed  of  distinct  V-shaped  filaments :  interfilamentar  junctions 
are  either  absent  or  formed  by  groups  of  interlocking  cilia : 
interlamellar  junctions  are  either  absent  or  non- vascular.  As  a 
rule  there  are  two  adductor  muscles,  but  the  anterior  may  be 
greatly  reduced  or  absent. 

Including  the  Noah's  ark  shell  (Area),  Sea  mussel  (Mytilits), 
Anomia,  THgonia,  &c. 

Order  3. — Pseudo-lamellibranchia. 

Pelecj^oda,  in  which  the  gills  arc  plaited  so  as  to  present 
vertical  folds:  the  interfilamentar  junctions  may  be  ciliary  or 
vascular:   the   interlamellar  junctions    vascular  or  non-vascular. 


XII  PHYLUM  MOLLUSCA  647 

There  is  a  single  large  (posterior)  adductor  muscle.     The  shell  is 
frequently  inequivalve. 

Including — the  Scallop  (Pecten),  Oyster  {Ostrea)^  Pearl  oj^ter 
(Meleagrina),  Lima,  Pinna,  &c. 

Order  4. — Eulamellibranchia. 

Pelecypoda  in  which  the  gill-filaments  are  united  by  vascular 
inter-filamentar  and  inter-lamellar  junctions,  firm,  basket-like  gills 
being  the  result :  the  gills  may  be  smooth  or  plaited.  There  are 
two  equal-sized  adductor  muscles. 

Sub-order  a, — IntegHpalliata, 

Eulamellibranchia  in  which  the  siphons  are  small  or  absent, 
and  the  pallial  line  on  the  shell  is  entire. 

Including  the  Fresh-water  Mussels  {Anodonta  and  Unio), 

Sub-order  b. — Sinupalliata, 

Eulamellibranchia  in  which  the  siphons  are  of  considerable 
size,  and  the  pallial  line  is  inflected  to  form  a  sinus. 

Including  the  Cockle  (Cardium),  My  a,  Pholas,  Teredo  (Ship- 
worm),  Aspergillum,  &c. 

Order  5. — Septibranchia. 

Pelecypoda  in  which    the    gills   are    reduced    to   a   horizontal 
muscular  partition.     There  are  two  adductor  muscles. 
Including  Poromya,  Ctispidajna,  &c. 

Systematic  Position  of  the  Examples, 

Anodonta  and  Unio  are  two  genera  belonging  to  the  family 
Unionidae^  sub-order  Asiphoniata,  onler  Eulamellibranchia. 

Their  complex  basket-like  gills  are  alone  sufficient  to  place 
them  among  the  Eulamelb'branchia.  The  incomplete  ventral 
siphon  and  the  correlated  entire  pallial  line  (see  p.  650)  indicate 
their  position  among  the  Asiphoniata.  The  regular  shell,  with 
thick  brown  periostracum  and  large  external  ligament,  the  elon- 
gated branchial  or  inhalant  aperture,  the  long,  compressed  foot, 
and  the  absence  of  a  byssus,  place  them  among  the  Unionidae. 
Anodonta  is  distinguished  from  Unio  by  the  absence  of  hinge- 
teeth. 

3.  General  Organisation. 

The  most  important  variations  in  structure  m  the  present  class 
are  connected  with  modifications  of  the  gills,  the  foot,  the  muscular 
system,  and  the  siphons.  With  the  structure  of  the  muscles  and 
of  the  siphons  are  correlated   important  variations  in  the  shell 
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which  are  of  great  systematic  valut;,  especially  in  cases  where,  as 
with  fossils,  the  ahell  is  the  only  part  available  for  examination. 

In  all  the  Protobranchia,  some  of  the  Filibranchia,  such  as 
Ai'ca,  and  all  the  Eulamellibranchia  and  Septibi-anchia,  there 
are  two  almost  equal-sized  adductor  miucleB,  as  in  Anodonta. 
In  many  Filibranchs,  auch  as  the  common  Sea-mussel  (Mi/tilas 
edulis),  the  anterior  adductor  becomes  greatly  reduced  and  the 
posterior  correspondingly  enlarged,  and  in  another  species  of  the 
same  genus  (M.  latus)  the  anterior  adductor  has  completely 
atrophied,  the  function  of  closing  the  shell  being  performed  by  the 
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Cit  posterior  adductor  alone.  In  Anomia  and  in  the  Pseudo- 
ellibranchs  there  is  a  single  immense  adductor  (Fig.  537  x,  xi) 
iplaced  nearly  in  the  middle  of  the  greatly  shortened  body,  and 
known  to  represent  the  posterior  adductor,  both  from  the  fact  that 
the  rectum  passes  over  it ;  and  fi-om  the  circumstance  that,  in  the 
embryo  Oyster,  two  adductors  are  present,  the  anterior  of  which 
atrophies,  while  the  posterior  enlarges  to  form  the  single  muscle 
of  the  adult. 

These  peculiarities  in  the  muscular  system  bear  their  mark 
upon    the    ihell,  in   which    impressions    coiresponding    to    the- 
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adductors  are  clearly  marked  on  the  inner  surface  (Fig.  538).  The 
whole  class  is,  in  fact,  frequently  classified  on  this  basis,  species 
with  equal-sized  adductors  (Protobranchs,  some  Filibranchs,  and 
all  Eulamellibranchs  and  Septibranchs)  being  called  Isomyaria  (A), 


those  with  a  large  posterior  and  a  reduced  anterior  adductor  (most 
Filibranchs)  Eeteromyaria  (B),  and  those  with  large  centrally 
placed  posterior  and  no  anterior  adductor  (Pseudolamellibranchs 
and  Anomia  among  Filibranchs)  Manomyaria  (C). 

In  many  forms,  such  as  Nucula  (Fig.  548),  Ostrea,  &c.,  the  right 
and  left  mantle-lobes  are  quite  free  from  each  other,  so  that  there 
are  no  liphoiu.  In  Anodonta  and  Unio,  as  we  have  seen,  the  two 
lobes  unite  along  the  line  of  attachment  of  the  gills,  so  as  to 
enclose  a  dorsal  or  exhalant  siphon,  a  ventral  or  inhalant  siphon 
being  formed  simply  by  apposition  of  theiobes  ventraliy.  In  such 
cases  the  pallial  muscles  in  their  neighbourhood  act  as  retractors 
of  the  short  and  imperfect  tubes  thus  formed.  In  other  species 
a  second  concrescence  of  the  mantle-lobes  takes  place  so  as  to  con- 
vert the  inhalant  siphon  into  an  actual  circumscribed  aperture  or 


short  tube.  In  the  Sinupalliata  the  two  siphons  are  pmlongetl 
into  distinct  muscular  tubes  (Fig.  5!J!I,  A.  B)  which,  in  the  posi- 
tion of  extension,  project  beyond  the  |icisterior  margin  of  the 
shell,  and  may  even  oe  considerably  longer  than  the  body.    Under 


these  cii-cumstances  the  posterior  pallial  muscles  become  en- 
larged to  form  retractors  of  the  siphons,  find  the  portion  of  the 
pallial  line  from  which  they  arise  hecomes,  as  it  were,  pushed 
forwards  so  as  to  form  a  bay  or  piitlial  sinus  (Fig.  540, 7j.fi.).  Thus 
the  ahelb  of  species  with  well- 
developed  siphons  are  sinnpal- 
liaic,  or  have  an  indented 
pallial  line,  while  those  with 
small  or  no  siphons  are  t'ji- 
tef/ripalHale,  or  have  an  entire 
pallial  line.  The  larger  the 
siphons  the  stronger  are  their 
muscles,  and  the  deeper  is  the 
pallial  sinus :  when  very  large  1 
they  cannot  be  completely 
retracted,  and  the  posterior 
border  of  the  shell  then  gapes 
permanently.  The  siphons  may 
be  separate  (Fig.  641)  or 
united  (Fig.  542).  They  are 
specially  adapte<i  for  species 
of  burrowing  habits,  which  are 
'  ■  able  to  remain  buried  in  the 

mud  or  sand,  the  ends  of  the 
siphons  only  being  exposed  for  the  supply  of  aerated  water  and 
food,  and  even  they  can  be  instantly  withdrawn  in  the  event  of 
danger. 

In  addition  to  their  union  posteriorly  to  form  the  siphons,  the 
mantle-lobes  may  concresce  to  a  greater  or  less  extent  along  their 
ventral  border  (Fig.  543),  forming  a  more  or  less  tubular  invest- 
ment for  the  body,  and  leaving  an  anterior  pw/aZ  aperture  for  the 


laatii ;    I.  Ufffunotit ; 


>:  v^M 


protnision  of  the  foot.     Their  anterior  portions  may  also  be  united 
to  form  a  sort  of  hood. 

To  return  to  the  ihell,  the  muscular  impressions  and  the  pallial 
line  have  already  been  referred  to.     As  a  general  rule  the  right 

and  left  valves  are  alike,  or  nearly  so,  the  shell  being  therefore 
i-t^uivalvc.     Each  valve  is  intqiiilatcrat,  being  divided  into  unequal 
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portions  by  a  line  drawn  from  tho  umbo  to 
the  gape.  It  will  be  n?nieml>ered  that  in 
the  Brachiopoda,  the  only  other  class  of 
bivalved  animals,  the  precise  opposite  is 
the  case,  the  shell  being  eqwilateral  and 
inequivalved.  Some  Pseudolamellibranchs  are, 
however,  nearly  equilateral  and  markifUy 
inequivalved,  such  as  the  scallop  (Pcclcn).  and 
the  inequivalve  character  is  still  more  marked 
in  the  oyster,  in  which  the  right  valve  is 
deeply  concavo-convex  and  permanently  at- 
tached to  a  rock,  while  the  left  is  tl.it  and 
fonns  a  sort  of  lid.  This  condition  of 
things  reaches  its  niaxitnnm  in  the  extiuct 
EippuriUs  <Fig.  544,  B.),  in  which  the  right 
valve  has  the  form  of  a  long  tube  closed  at 
one  end  by  the  flat  lid-like  left  valve.  In 
the  extinct  lUquienia  (A)  the  left  valve  is 
spirally  coiled  so  that  it  resembles  a  snail- 
shell,  and  its  aperture  is  closed  by  the  flat 
lid-like  right  valve:  in  IHceras,  also  extinct, 
both  valves  are  coiled. 

The  hinge-teeth  (Fig.  540)  vary  indefinitely 
in  form  and  size  or  may  be  absent  altogether :  '."hSi^t  "^h™  'tS 
the  hinge-ligament  is  usually  band-like,  but  twu  iiiiii«i  at'  i4s. 
in  Pecten  takes  the  form  of  a  cylindrical  cord.  IwIim/tfiXBrj!)  '"" 
The  variations  in  form,  ornamentation. colour, 
&c.,  among  the  many  thousand  known  species  of  shell  are  too 
numerous  to  mention ;  but  reference  must  be  made  to  )K!Culiar 
modifications  found  in   certain   burrowing   fonns.      In  Pkolns.  a 


niphonate  genus  which    burrow- 
brittle,  and  additional   calcarei 


the  shell  is  wi-ak  and 
di'VeIo]ied  between 
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the  two  valves.  In  Teredo  (Fig.  545),  the  so-called  Ship-worm, 
which  causes  gre^t  destruction  by  boring  into  piles,  ships' -timbers, 
&c.,  the  valves  {v.)  remain  very  small  and  weak  but  movable,  and 
the  general  surfiice  of  the  mantle  secretes  a  continuous  shelly 
tube  which  lines  the  biin-ow.  In 
Aspergillwm  (Fig-  546)  the  valves 
are  completely  fused  to  the  tube, 
the  anterior  end  of  which  is  closed 
by  a  plate  perforated  with  numerous 
holes  like  the  rose  of  a  watering- 
pot. 

In  Kttcvia,  Area,  fcc,  the  foot 
(Fig.  548,  ft.)  presents  what  may  be 
considered    a*    its    most    primitive 


form,  having  a  flat  ventral  surface 
or  sole  upon  which  the  animal  creeps. 
Far  more  common  is  the  ploughshare- 
like form  we  are  already  familiar 
with  in  Anodonta  and  Unio,  adapted 
for  slowly  making  its  way  through 
sand  or  mud.  In  a.  few  forms,  e.g. 
Trigonia  and  Cardium,  it  ia  bent 
upon  itself  and  is  capable  of  being 
suddenly  straightened  so  as  to  act  as 
a  leaping  organ :  in  Mjirilus  it  is 
cylindrical  (Fig.  547, F):  in  the  Oyster 
it  is  absent.  In  addition  to  the  anterior  and  posterior  retractors 
the  foot  is  sometimes  provided  with  a  levatoi'  muscle  (Fig.  548, 1), 
particularly  well  developed  in  Nucula  and  its  allies. 

Immediately  posterior  to  the  foot  a  hynBUS-glaaA  is  fre- 
quently found :  it  secretes  a  silky  substance  in  the  form  of 
threads,  which    serve    to   anchor    the    animal    permanently  or 
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temporariiy.  It  in  by  means  of  the  byssus  that  the  Sea-mussel 
{Mytilut)  ia  attached  to  the  rocks  (Fig.  5i7,S>f):  in  Pinna  the 
threads  are  fine  enough  to  be  woven  in  a 
fabric.  In  Lima  the  threads  of  the  byssus 
Hre  spun  into  a  kind  of  nest  in  which  the 
animals  He  protected,  and  in  Vulsella  the 
gelatinous  byssus  forms  a  aheath  within 
which  the  entire  shell,  which  is  of  a  delicate 
character,  can  be  retracted.  In  such  forms 
as  Mytilus  the  muscles  which  ordinarily 
serve  to  retract  the  foot  are  inserted  mainly 
into  the  byssus:  the  latter  being  fixed  they 
aer\e  to  rotate  the  animal  in  varioiia  direc- 
tions or,  in  other  words,  act  as  adjustors. 
It  must  be  borne  in  mind  that  the  definitive 
byssus  just  described  is  not  homologous 
with  the  provisional  bj'ssus  of  Anodonta 
(p.  644)  which  lies  in  front  of  the  mouth. 

The  gilla  are  found  in  their  simplest  form 
in  the  Protobranchia  (e.g.  Nuculn),  where 
they  consist  of  a  single  plumc-liko  organ 
or  denidium  (Fig.  548,  gl)  on  each  side  of  tne  body.  E^h 
ctenidium  is  of  small  size  compared  with  the  gills  of  Anodonta, 
and  is  formed  of  a  longitudinal  rtai's,  fixed  at  its  anterior  end  and 
free  posteriorly,  to  which  are  attached  two  rows — an  inner  and 
outer — of  somewhat  triangular  gill-filaments,  all  perfectly  free 
from  one  another  (Fig.  549,  A). 

In  Amusium.  (B)  the  gill-filaments  are  much  elongated  and 
thread-like  instead  of 
triangular.  In  the  com- 
mon Ark-shell  (Area,  C) 
a  great  change  ia  seen. 
The  gill -filaments  arc 
delicate  and  somewhat 
flattened  threads,  each 
bent  upon  itself  into 
the  form  of  an  elongatoil 
U,  and  therefore  con- 
sisting of  a  proximal  or 
fixed  limb  and  a  distal 
or  free  limb.  The  flexure 
takes  place  in  such  a 
way  that  the  free  limb 
is  external  in  the  outer 
row  of  filaments,  internal  in  the  inner  row.  Adjacent  filaments 
are  loosely  united  by  groups  of  large  interlocking  cilia  (Fig.  550), 
placed  at  regular  intervals,  and  in  this  way  the  outer  and  inner 
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limbs  of  the  filaments  are  respectively  joined  together,  so  as  to 
convert  each  longitudinal  row  of  U-shaped  filaments  into  a  double 
plate,  fairly  coherent  unless  the  ciliary  junctions  are  forcibly 
separated.  In  this  way  the  single  cteniojum  of  Nuoiila  has  given 
place  to  two  plate-like  gills,  each  formed  of  an  outer  and  an 
inner  lamella:  the  inner  lamella  of  the  outer  and  the  outer 
lamella  of  the  inner  gill  are  united  along  their  dorsal  edges,  the 
line  of  junction  representing  the  axis  of  the  ctenidium :  the 
outer  lamella  of  the  outer  and  the  inner  lamella  of  the  inner  gill 
are  free  dorsal  ly. 

In  Mytilua  (Fig.  549,  D)  the  gill  is  strengthened  by  the  develop- 
ment  of   delicate   non-vascular   bars  or  inter- laniellar  junctions 
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between  the  two  limbs  of  each  filament.  In  Lucina  these 
junctions  are  large  and  provided  with  blood-vessels,  and  vascular 
bars  of  tissue,  the  inter-filaraentar  junctions,  replace  the  ciliarj- 
junctions  of  the  lower  forma.  Thus  by  a  regular  series  of  grada- 
tions the  ctenidium  is  replaced  by  the  complex  double  gill  we  are 
already  familiar  with  in  Anodonta.  In  all  the  higher  forms  the 
outer  lamella  of  the  outer  gill  concresces  with  the  mantle  and  the 
inner  lamella  of  the  inner  gill  with  the  visceral  mass,  while, 
posterior  to  the  latter,  the  inner  lamellae  of  the  right  and  left 
inner  gills  unite  with  one  another.  The  blood-vessels,  which  are 
confined  to  the  filaments  in  the  simpler  types,  occur  only  in  the 
iiitcr-filamciitar  and  inter-lamellar  junctions  in  the  more  complex 
forms  of  gill.  In  the  Septibranchia  the  gills  are  degenerate, 
bemg  represented  by  a  horizontal  muscular  partition  or  septum 


Ill  PHYLUM  MOLLUSCA  656 

(Fig.  549,  F,  s^.  and  Fig.  551  IX).  which  divides  the  inhalant 
and  exhalant  chambers  &oin  one  another.  Respiration  in  this 
case  is  performed  entirely  by  the  internal  face  of  the  mantle. 

Dtgeitlva  Organi.' — The  mouth  is  anterior ;  in  forms  with  two 
adductor  muscles  it  is  always  placed  immediately  behind  the 
anterior  adductor.     It  is  bounded  by  two  pairs  of  labial  palps 
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which  sometimes  attain  an  immense  size  (Fig.  548) ;  there  is  never 
any  trace  of  jaws  or  other  masticatory  apparatus.  The  convolutions 
of  the  intestine  are  sometimes  very  complex.  The  crj"sti»lline 
style  either  lies  freely  in  the  stomach  and  anterior  jwirt  of  the 
intestine,  or  is  contained  in  a  coecai  pouch  of  the  stomach  (Fig. 
552).  which  may  be  prolonged  into  one  of  the  lobes  of  the 
mantle.  The  anterior  end  of  the  style,  which  projects  into  the 
,  appears  to  be  slowly  dissolved  by  the  digestive  juice. 


forming  a  sort  of  cement  to  enclose  the  hartl  jtarticles  of  the  food 

and  prevent  any  hnrinful  effect  on  the  mucous  membrane. 

The   excretory  organs  occur  in  their  simplest  form  in  the 

Protobraiichia,  in  which  they  have  the  forms  of  cylindrical  curved 
tubes  or  meso-nephridia  (Fig.  553,  vi), 
opening  at  one  end  into  the  pericardium 
and  at  the  other  on  to  thn  exterior; 
the  whole  ncphridium  is  lined  with 
glandular  epithelium,  and  has  no  com- 
munication with  its  fellow  of  the  oppo- 
site side.  In  the  higher  fonns  the 
organ  becomes  differentiated  into  a  se- 
creting portion  or  kidney,  which  becomes 
very  spongy  in  texture,  and  opens  into 
the    pericardium,   and    a    non-secretoiy 

,.,...~.,~,„-.    M.-u™u.u»."i       portion  or  bladder,  which  opens  e  stem - 

"'iiytuiil!' ?."r«iiiiuT"iutiel      ally.     Frequently  there  is  a  communi- 

(W()n.>(K  xtu"^  HHitPiy.)  "      cation     between     the    right     and     left 

nephridia,    and    in    some    genera,  such 

as  the  Oyster,  the  organs  become  extensively  branched. 

Oiroulatory  Organi. — The   heart,   is    usually   perforated   by 

the  rectum,  but  lies  altogether  above  it  in  Nucula  (Fig.  553,  vii) 
■  and  some  other  genera ;  the  ordinary  arrangement  seems  to  have 
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been  brought  about  by  the  heart  becoming  folded  over  the  intes- 
tine and  united  below.  In  the  Oyster  and  some  other  forms  the 
heart  is  below  the  rectum.     Pores  are  often  found  on  the  surface 

of  the  foot,  and  it  has  been   assorted   that   through  them  the 
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txtemal  water  mixcH  with  the  blood :  this  is,  however,  certainly 
not  the  case :  the  blcxxl  system  is  everywhere  closed. 

The  nerroni  lyitem  is  found  in  its  most  primitive  condition 
in  Nucula  {F  g  554       In  t  ad  of  a     ng        robr    p   un    g  ngl  on 


there  an.',  on   t.iih   widt,  distuict  ctrtliral  (xm.)  and  pleural  (I> 
ganglia,  each  iuiite<l  by  a  conni'Ctive  with  tht^>  )R'<ial. 

The  most  charact^'ristic  tenie-organi  art-  the  utiioysts  and  the 
osphradin.  The  iil"\i/K/.^imf\iu>ry 
or    directive    oi^n — is   always  vw 

placed  in  the  fiHit.  just  behind 
the  pedal  ganglion.  U>  which  it 
is  connected  bv  a  nerve :  the 
hitter  prol>ably  has  its  origin  in 
the  cerebral  ganglion.  The 
otocysts  an-  devclii[HKi  as  in- 
volutions of  the  ectiKlenii,  but. 
except  in  Nucula  (Fig.  5-i+, 
x-xii),  the  cinniectii>n  with  thi- 
exterior  is  Ii>st,  and  tht-y  be- 
come tthut  sju's. 

The    w/./*  ;■'«/(■« —olllii-tory   .ir 
water-testing     organs—  an- 
jKitches   of   si'iisiiry  epithelium 
Hitnate<l    in    innii<-diat<-  rtlatiim    \ 
.554,   viii),  from    vvhieh  they  an- 
There  is,  howevfr.  simn-  nason  f. 

voi„  I 


ith  the  visci'i-jil  ganglia  (Fig. 
iiMially  s:uil  ti.  Ih-  innen-ultil. 
r  ihiiiking  that  the  'isphmdial 
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nt!rvf  actually  springs  from  the  cerebral  ganglion.  Patches  rf' 
sensory  upitheliuiu,  veiy  similar  to  the  osphradia,  and  called 
the  ahdomincU  aense-organs.  oucur.  oue  on  each  side  of  the  anus, 
in  Area  and  other  asiphoninte  fonns,  and  a  similar  organ  has 
been  described  beside  the  retractor 
j(y  muscles    of    the    siphons     in     sevei 

""  Siphoniata. 

In  a  few  instances  eyes  are  present,' 
but  never  in  what  we  are  accustomed 
to  consider  as  the  normal  position  for 
such  organs,  at  the  anterior  or  head 
end  of  the  body.  They  occur,  in  fiict, 
in  the  only  situation  where  they  can  be 
of  any  use.  namely,  along  the  edge  of 
the  mantle.  The  beat  known  form 
which  they  occur  is  the  common  Scallop 
(Peckn),  which  has  a  single  row  (Fig. 
537,  vii)  all  round  the  mantle  border. 
Each  has  a  cornea  (Fig.  555  1),  a  cel- 
lular (not  cuticuiar)  lens  (^),  a  retina  (5),, 
formed  of  cells,  the  inner  ends  of  which' 
are  modified  into  visual  rods,  and  an 
optic  nerve  (7),  one  branch  of  which 
spreads  over  the  front  of  the  retina  and 
sends  branches  backwards  to  the  visual 
rods.  In  this  pecularity,  an  well  as  ia 
the  cellular  lens,  the  eye  of  Pecten  is 
singularly  like  that  of  Vertebrates. 
The  pallial  eyes  of  Pelecypoda  ars 
probably  to  be  l<.)oked  u]>on  as  miMiified 
tentacle.i. 

Reproduction  and  Development. 
— Most  Pelecypodft  are  dicecious,  but 
several  hermaphrodite  forms  are  known. 
Some  of  these,  such  as  the  Oyster,  are 
protandrous,  the  gonad  producing  first 
spenns  and  afterwards  ova :  in  otheis 
part  of  the  gonad  serves  aa  an  ovaryJ 
part  as  a  testis,  the  two  opening  into  aj 
common  duct:  iu  others  again  there  i& 
a  distinct  ovary  and  testis  on  each  sidd, 
opening  by  separate  ducts.  There  are  never  any  accessoiy  o]_ 
of  reproduction,  such  as  speniiatheca,  penis,  etc.  Fertilisatii 
frequently  takes  place  in  the  water  after  the  eggi 
Segmentation  is  total  but  unequal,  and  the  gastrula  is  foi-med  eil 
by  invagination  or  by  epiboly.  A  shell-gland  (Fig.  556  sd.)  itfl 
fonnerl  as  an  invagination  of  the  dorsal  siirtiice,  a  stomodeeuni  (mj 
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as  an  inva^inabion  of  the  ventral  surface,  and  tlic  larva  of  moHt 
forms,  unlike  that  of  Auodunta  or  Unio,  pois^os  into  a  stage  in 
which  it  closely  resembles  the  trochosphere  of  Worms  (Fig.  Soli) 
havins  a  pre-oral  ami  a  post-oml  circlet  of  cilia,  a  tuft  of  cilia 
round  the  aims,  and  an  apical  tuft  in  the  middle  of  the  prostominra. 
There  is  also  an  ectodermal  thickening  on  the  prostomium  which 
becomes  the  cerebral  ganglion,  and  a  similar  ventral  thickening 


t,  bloeHl«lliiii    .S  ntiui    «  iitgmouUrv  iKjcr  [    l-uotto,    (Ftdid  Komjiclt  ud  Ucidn.) 

which  gives  rise  to  the  pedal  ganglion  and  corresponds  with  thp 
rudiment  of  the  ventral  nerve-cord  in  Worms.  The  pelecjTKxI 
trochosphere  is,  however,  distinguished  from  the  corresponding 
stage  in  Wiinns  by  the  presence  uf  the  shell-glan<l,  which  stmiu 
secretes  n  ilelicate  impaired  shell.  The  prustoinial  region  grows 
out  into  a  thickened  retractile  rim,  beai-ing  the  pre-oral  circlet 
of  cilia,  and  called  the  wlum  (Fig.  557  rel.) :  the  lan-a  at  this  stage 
is   distinguished   as   a   vi-li</er — a    very   characteristic   molluscaD 


phase  of  development.     The   shell   soon   becpines   bivalved 
t'xtfnds   ventmllj-  on  each  side,   paired   pnacesses  of  the  dorsal^ 


.glsnd :  •»>,  uilolDr  adductor  ; .  I 

region  of  the  body  accompanying  it  and  forming  the  mantle-lobes.  I 
A  projection  grows  out  from  the  ventral  surface,  between  mouth  J 
anri  anus,  and  becomes  I 
the  foot  (Fig.  558/),  and  ] 
tin  the  Hides  of  the  body  J 
the  gili'filameuts  {k)  arise  I 
as  a  row  of  delicate  jm)- 1 
cesses,  at  first  simple,  but  i 
afterwards  becoming  bent  J 
upon  themselves  so  as  to  J 
assume  a  V-shape.  Eyes  J 
are  often  present  in  ths  I 
larva  at  the  base  of  the  \ 
v<;lum. 

General  Remarks.- 

Although    none    of    the  j 

Pelecypoda     are     micro-  i 

scopic,  they  present  a  con-  I 

siderable   range    in    size,  ' 

from  the  little  fresh-water 

Cyelas,  about  1  cm.  long 

to  the  Giant  Clam  (  TH- 

dncna.  gigas)  of  the  Indian  and  Pacific  islands,  which  is  sometimes 

(iO  cm.  (two  feet)  in  length  and  500  pounds  in  weight 
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Many  pelecj-pcxi  shells  are  white  or  dull  bii>wii  in  colour,  but 
in  several  genera  brilliant  tints  are  the  mle,  the  various  species  of 
■Scallop  (I'erten)  being  specially  remarkable  in  this  resjwct.  The 
inner  surface  of  the  shell  often  exhibits  bc-autifiil  iridescent  tints, 
noticeably  in  the  so-callwl  Pearl-oyster  (M'hugrina)  and  the 
Australian  Trigmiia.  As  fiir  as  is  known,  the  colours  ore  all  what 
are  called  "  non-significant,"  i>.  are  of  no  physiological  or  ethotogical 
importance.  In  this  connection  the  formation  of  jKitrh  by  some 
species  must  be  mentioned :  they  are  de]>osits  of  nacre  formed 
round  sand-grains  or  other  foreign  bixJies.  either  between  the 
mantle  and  shell  or  in  the  .soft  parts.  They  are  produced,  amongst 
other  species,  by  the  "  Pearl-oyster  "   (Metcn'jrinn  muri/ariti/era) 


and  by  the  Pearl-mussi'l  {Unio  wari/nrili/'rir).  Some  species, 
such  as  the  common  boring  J'/ioIcm,  are  pliosphorescent. 

Most  Pelecypoda  are  sluggish  in  hiibit,  jtrogressing  only  by  slow 
contractions  of  the  foot,  and  some  an-  peniDiiu-iitly  tixe<l,  during 
adult  life,  by  the  byssns.  The  .Scall<)i)s.  Innvi-vcr,  swim  freely  by 
clapping  the  valves  together.  The  Cmkle.s  (f ''(/i/u'wi),  Trigonin. 
etc.,  jump  by  sudden  uiovi-ments  of  the  fiMit.  ami  the  Razor-tish 
(iSWen)  jerks  itself  forwani  by  suddeidy  withdmwing  its  foot  ami 
thus  ejecting  water  thniugh  the  sijihons.  The  only  jiam.^^itic 
genus  18  EntovaUn,  timnd  in  the  gullet  of  a  Holnihurian, 

Pelecj-poda  are  abundant  both  in  fn'sh  water  and  tlif  sea :  the 
marine  forms  are  mainly  littoral.  None  aie  |it-lagie  ur  terrestrial. 
They  are  veiy  abundant  in  the  fossil  condition,  otvurring  in  all 
formations  from  the  UpiMjr  Cambrian  u]iwaiils,  and,  owing  ti) 
their  gregarious  habits,  fre<iuenlly  forming  extensive  dejwsits  or 
shell-beds.     The  oldest  fonns  are  all   iso-  or  hetero-mvarian  the 


662  ZOOLOGY  sect. 

monomyarian  types  (Pseudolamellibranchia)  appear  first  in  the 
Carboniferous,  and  the  Siphoniata  not  until  the  Triassic  period. 
The  modem  genus  Area  dates  from  the  Upper  Cambrian,  and  thus 
furnishes  as  striking  an  example  of  a  "  persistent  type  "  as  some 
of  the  Brachiopods. 

There  seems  to  be  little  doubt  that  the  Protobranchia,  and 
especially  Nucula,  exhibit  the  most  primitive  type  of  pelecypod 
organisation,  as  indicated  by  the  plume-like  gills  with  separate 
filaments,  the  simple  nephridia,  and  the  distinct  cerebral  and 
pleural  ganglia ;  absence  of  concrescence  is  always  a  mark  of  low 
or  generalised  organisation.  The  Filibranchia  with  imperfectly 
united  gill -filaments  come  next,  and  are  divisible  into  two  groups, 
isomyarian  with  equal-sized  adductors  and  heteromyarian  with 
more  or  less  atrophied  anterior  and  proportionally  enlarged  posterior 
adductor;  the  latter  group  is  to  be  looked  upon  as  the  more 
specialised,  and  leads  to  the  Pseudolamellibranchia  (monomyarian) 
in  which  the  anterior  adductor  disappears  completely  in  the  adult, 
while  the  posterior  is  immensely  enlarged  and  assumes  a  central 
position.  Similarly  the  isomyarian  Filibranchia  lead  to  the 
Eulamellibranchia,  which  are  equal-muscled,  but  have  the  gill- 
filaments  united  into  a  complete  basket-work.  In  the  Eulamelli- 
branchia, lastly,  there  is  a  gradual  series  of  stages  from  compara- 
tively generalised  fonns  with  free  mantle-lobes  up  to  the  highly 
specialised  species  with  large  siphons.  That  the  Pseudolamelli- 
branchia and  the  siphoniate  Eulamellibranchia  are  to  be  looked 
upon  as  the  highest  members  of  the  class,  is  indicated,  not  only  by 
morphological  evidence,  but  by  their  comparatively  late  appearance 
in  time. 

SiNUPALUATE 
EULAMELLIBRANCHIA 


INTEGRIPALLIATE 
EULAMELLIBRANCHIA 


PSEUDO-LAMELLIBRANCHIA 


HETEROMYARIAN 
FILIBRANCHIA 


ISOMYARIAN 
FILIBRANCHIA 


PROTOBRANCHIA 


P^o.  509.— Dlag^m  illustrating  the  mutual  relationships  of  the  Pelccypoda. 
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CLASS  II.— AMPHnrEURA. 

The  Amphineura  are  a  class  of  marine  MoUusca  formerly 
grouped  with  the  Gastropoda,  but  now  recognised  as  sufficiently 
far  removed  from  the  latter  to  require  separation  as  a  distinct 
class.  The  commonest,  as  well  as  the  most  highly  organised,  of 
the  Amphineura  are  the  Chitons,  a  group  of  remarkably  sluggish 
Limpet-like  Molluscs  with  a  shell  composed  of  eight  pieces.  The 
other  members  of  the  class  are  lowly  organised  forms,  comprising 
the  most  primitive  of  the  entire  phylum,  all  of  which  are  devoid 
of  a  shell. 

1.  Distinctive  Characters  and  Classification. 

The  Amphineura  may  be  defined  as  bilaterally  symmetrical, 
more  or  less  elongated  Mollusca,  with  terminal  mouth  and  anus, 
either  devoid  of  a  shell,  or  possessing  one  which  consists  of  eight 
median  valves.  The  mantle  contains  numerous  spicules  of  carbon- 
ate of  lime,  and  is  not  divided  into  paired  lateral  lobes.  The 
ctenidia  are  either  absent,  or  there  is  a  single  pair,  or  they 
occur  as  a  circlet  round  the  anus,  or  as  two  lateral  rows  situated 
between  the  edge  of  the  mantle  and  the  side  of  the  foot.  An 
odontophore  {vide  infra)  is  sometimes  present,  sometimes  absent. 
The  nervous  system  consists  of  two  pairs  of  nerve-cords,  pedal  and 
pallial,  connected  in  front  with  a  nerve-ring. 

The  class  is  divisible  into  two  orders  : — 

Order  1. — Placophora. 

Amphineura  with  a  broad  foot,  and  with  a  shell  which  consists 
of  eight  transverse  valves.  There  is  a  row  of  ctenidia  on  either  side. 
This  order  includes  the  Chitons. 

Order  2. — Aplacophora. 

Amphineura  with  an  elongated  body  covered  completely  by  the 
mantle,  without  shell,  but  with  calcareous  spicules.  There  is  no 
foot,  but  generally  a  ventral  longitudinal  groove  along  which 
usually  runs  a  low  ciliated  ridge.  In  some  there  is  a  jK)sterior 
cavity  containing  a  pair  or  a  circlet  of  ctenidia. 

This  order  includes  Ncoinenia,  Froneomcnia,  Chcrtoihnnay  and 
several  allied  genera. 

2.  General  Organisation. 

Sztemal  Featurei. — The  Aplacophoni  are  distinguished 
by  their  worm-like  body,  sometimes  elongattKl  and  narrow  and 
capable  of  being  coiled  into  a  sjiinil,  si>nietimes  comj)aratively 


664 


ZOOLOGY 


SECT. 


Fin.  r)(K).— Chsetoderma 
nltidulom.  a.  anu» : 
m.  mouth.  (From  the 
Cambridge  Natural  Hi*- 
to^y.) 


short  and  thick.  In  most  instances  there  is  little  difference  in 
external  appearance  between  the  anterior  and  posterior  ends.  In 
Chcetoderma  (Fig.  560)  alone  is  there  a  distinct  head,  separated  off 

from  the  body  by  a  constriction,  as  well  as 
a  posterior  cloacal  region  which  is  similarly 
marked  off.     A  shell  is  completely  absent. 
The  mantle  covering  the  surface  possesses 
a  cuticle,  in  the  substance  or  on  the  surface 
of  which  are  spicules  of  calcified  material. 
Along  the    middle  of    the   ventral   surface 
runs,  in   most  instances,  a  groove,  in  some 
cases  merely  represented  by  a  narrow  strij) 
from   which    the    cuticle  and   spicules   are 
absent.     The  ventral  groove,  when  present, 
usually  contains  a  slight  longitudinal  ridge, 
and  this  is  all  that  in  these  primitive  forms 
represents  the  foot,  aji  organ  so  highly  de- 
veloped in  other  Molluscs.     In  Choetoderma 
it   is   entirely   absent.      With    the    ventral 
groove  is   connected   in    front   an  anterior 
ciliated  groove,  while  behind  it  is  in  direct 
communication  with  the  cavdty  of  the  cloaca. 
In  Proiuovienia  ctenidia  are  absent.     In  the  remaining  genera 
there  is  either  a   pair  or  a  circlet  of  gills  situated  in  the  cloaca 
— a  cavity  at  the  posterior  end  of  the  body  into  which  the  anus 
opens  (Fig.  565). 

In  Chiton  (Figs.  562  and  563)  the  body  is  doi-so-ventrally  com- 
pressed,  convex    above,  and    presents   below    a    broad  flat  foot 
(narrow  in  ChUonelliis)  which  acts  not  only  as  an  organ  for  effect- 
ing creeping  movements,  but  also  as  a  sucker  for  enabling  the 
animal  when  at  rest  to  adhere  firmlv,  like  a 
Limpet,  to  the  surface  of  a  rock.     The  most 
remarkable  external   feature  of  Chiton  is  the 
presence  on  the  doi*sal  surface  of  a  calcareous 
shell  (Figs.  562  and  564)  made  up  of  no  fewer 
than  eight   transversely  elongated   pieces   or 
valves,  arranged  in  a  longitudinal   row,  arti- 
culating together  and  partly  overlapping  one 
another.      These  valves   are  primitive,  being 
direct  developments  of  a  series  of  shell-glands 
of  the  embryo  and  not   secondary  structures 
like  the  shells  of  other  Molluscs.      They  are 
sometimes   partly,  sometimes   completely,  covered   over   by   the 
mantle.     Each  valve  consists  of  two  very  distinct  lajei's,  a  more 
superficial  and  a  deeper,  the  latter  formed  of  compact  calcareous 
substance,  the  foiTuer  perforated  by  numerous  vertical  canals  for  the 
lodgment  of  the  sense-organs  to  be  presently  refeired  to.    External 


Fig.  501.— Neomenia 
carlnata.  a.  anus ; 
gr.  ventral  groove ; 
)/i.  month.  (From  tlie 
Cauib  ridge  Natural 
Hiftonf.) 
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t«>  ih«'  valves  thr  dorsal  int^^Dieni  tmantlct  of  Chilon  and  ii» 
allit^  is  u^uallv  bi.r>^:-i  niih  a numbiT of  homv  vir (^Icided  Tuben-U^ 


and  spicules.     The  inaiitk-  develaps  i.iily  vcrv  slight  ktenil  llaps, 
and   under  cuver  of  thesi'  nrv  a  M'ries  iif  >iiiall  cteniilin  (Fijpt. 
563  and  o&t.cfcu)   tn  the  nutnber  ol  fourteen  In  eiifhtv.     Tho 
mouth  andanusarebuth  metlian. KitiiatiKl 
at  the  anterior  ami  |>osterior  extn-niitie^ 
respect  ivil  v. 

Alimentary  Extern — In  the  A]>)!i- 
cophora  the  mouth  is  usually  a  loii^'i- 
tndinal, rarely  (Chwltxieniia;  a  transverse, 
«lit,  situated  venlnilly  near  the  anterior 
extremity.  There'  is  a  huci-al  cavity,  with 
in  some  casi-s  an  wliintiijihuiv '  ( Fig.  oii."!, 
i-ad)  in  others  a  siiifjle  ohitinous  t<H>th : 
sometimes  twth  arc  entirely  abstiil. 
There  an-  b.)th  salivary  aiid  huocal 
glands.  Very  chamcterishi-  of  the  giiiii|. 
08  compared  with  other  Miinus(.'s  is 
the  presence  of  a  str.iijjht  iiitistinf 
devoid  of  coils.  It  has  connectiKl  with 
it  either  a  single  ciefum  or  a  duubli- 
row.  In  the  Plaeophora  the  liuccal 
cavity  always  contains  a  well-deVclojH-d 
odontophoR.    The  intestine  is  eli.nf,':Ue<l 

'  For   a   ilc»criptii>ii   of   (lie  ^Inirtuix'  nf   ilii. 
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ami  coiled.      There  are  salivary  glands  aud  a  large  paireil  liver 
(Fig.  566,  /in.) 

Body-Cavity. — lu  the  Aplacophora  the  interstices  between 
the  organs  and  the  body  wall  are  filled  with  a  form  of  connective 
tissue  with  musmilar  fibres ;  a  vertical  diaphragm  (Fig,  565,  dia.) 
separates  the  posterior  part  of  the  body,  containing  the  peri- 
cardiuni  (peri),  from  the  rest.  In  the  Placophora  the  coelome 
(Fig.  566),  is  an  extensive  cavity,  lined  with  a  coelomic  epithelium, 
and  divided  into  three  completely  Heparated  parts,  the  pericardium, 
the  genital  cavity,  and  the  general  tiody  cavity. 


Vaacular  System. — The  existence  of  a  heart  in  the  Aplaco- 
phora is  somewhat  doubtful ;  the  organ  which  is  supposed  to  be 
of  that  nature  is  contained  in  a  cavity  termed  the  pericardium 
(Figs.  565  aud  568,  ptri). 

In  Chiton  there  is  a  well -developed  heart  (Fig.  566.  kt.)  consist- 
ing of  a  median  ventricle  and  two  lateral  auricles.  The  pericardial 
cavity  in  which  it  lies  is  a  space  of  considerable  extent  in  the 
posterior  rfj,nun  of  tJie  body,  below  the  two  last  valves  of  the 
shell. 

The  Nervous  System  consists  in  the  Aplacophora  (Fig.  567, 
A.Ji,  6')  of  four  longitudinal  nerve  cords — two^iff/n/ and  tv,o palHal. 
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These  are  connected  together  by  an  ossophageal  ring,  thickened 
(lorsaDy  into  n  ttingle  or  double  cerebml  ganglion  ;  and  in  front  of 
this  is  a  second,  more  slender  dontatogiidric  nerve-ring  with  small 
ganglia.    The  pedal 
cords  {v.v)  may  pre-  „_.-     ht 

went  in  frvnt  a  i)air 
of  ganglionic  thick- 
enings connected 
by  a  commissure, 
and  further  back 
there  may  be  a 
series  of  enlarge- 
ments united  by 
commissures.  The 
pallial  cords  (/./)  are 
connected  behind, 
above  the  rectum, 
by  a  commissure  {px)  which  usually  binrs  a  median  enlargement. 
Sometimes  a  union  titkes  place  po-slvriorly  between  the  cords  of 
the  two  jtairs.  There  are  no  eyes,  nor  otocysts,  nor  tentacles. 
Some  have  a  .s^'iisorv  frontal  lobe  and  a  sensory  pit  ur  elevation  in 
the  mifldle  line  of  the  dorsal  surface  near  the  jxisterior  end. 

In  the  Placophora  (Fig.  5(}7,  U)  there  is  an  cps<.phageal  ner\-e- 
ring  consisting  of  a  thicker  dorsal  cerchi-al  ]M>rtion  not  diffcR'ntiated 
into  ganglia,  and  a  thinner  ventral  huwl  ci-iiiviisxurt.  The  cerebral 
part  sends  off  nerves  to  the  labial  pid|>s,  the  li|>«,  and  the  buccal 
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apparatus.  Two  jwirs  of  longitudinal  nerve  cc.nlw,;>f(/((/»n<l  /HrllM, 
are  given  off  ]«isteriorly.  The  fonner,  which  give  <)fl"  ner\es  to 
the  foot,  are  joined  by  nunu-rouM  ciitiimissui-es  {Hi.-<sing  beneath 
the   cnt«ric    canal.     The    latter,    wliieh    wend    ofi'  nerves   chiefly 
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SECT. 


grorv 


rect 


jberv 


to  the  iDantle  and  the  etenidia,  are  united  together  by  a  supra- 
rectal  commissure  at  the  posterior  end  of  the  body.  Just  behind 
its  origin  each  pallial  cord  gives  oft*  a  slender  visceral  commissure^ 
which  unites  with  its  fellow  of  the  opposite  side :  two  small  ganglia 
lie  in  this  visceral  commissure  near  the  middle  line.  The  large 
cords  contain  nerve-cells  throughout  their  length. 

The  conspicuous  organs  of  special  sense,  present  on  the  head  of 
Gastropods  (vide  infra),  are  absent  in  the  Placophora,  as  in  the 
Aplacophora.    A  pair  of  processes  situated  in  front,  at  the  sides  of 

the  mouth,  have  the  character 
of  labial  palps.  In  the  buccal 
cavity  there  are  cup-shaped 
gustatcnn/  organs  supplied  with 
nerves  from  the  cerebral  com- 
missures, and  in  front  of  the 
odontophore  is  a  thickening 
of  the  epithelium — the  sul- 
radular  organ  —  containing 
nerve  -  endings.  Remarkable 
sensory  organs,  the  micrwsthetcs 
and  the  megala'stluteSy  lie  in 
the  canals  already  mentioned 
as  occurring  in  the  superficial 
layer  of  the  shell  valves.  The 
megala?sthetes  may  take  the 
form  of  eyes,  with  cornea,  lens> 
pigment  layer  with  iris,  and 
retina ;  in  some  cases  the  lens 
in  absent. 

Reproductive  and  Renal 
Organs. — In  the  Placophora 
the  sexes  are  distinct :  in  the 
Aplacophora,  with  the  excep- 
tion of  Cha^toderma,  they  are 
united.  In  the  Aplacophora 
(Fig.  568),  with  the  exception 
of  Cha^toderma,  the  gonads 
are  paired.  The  sexual  products  pass  into  the  pericaixiial  cavity 
and  thence  are  carried  to  the  exterior  by  a  pair  of  ducts  (which 
may  be  of  the  nature  of  nephridia)  opening  into  the  cloaca. 

In  the  Placophora  (Fig.  569)  there  are  two  symmetrical 
nephridia  opening  internally  into  the  pericardium  by  a  ciliated 
funnel-like  opening  {n.  peri,  a])),  and  opening  on  the  exterior 
(neph.  ap)  between  two  of  the  posterior  etenidia.  Each  consists 
of  a  looped  main  tube,  into  which  open  numerous  minute 
tubules  which  ramify  among  the  viscera.  The  testis  and  ovaiy^ 
{gon)  are  similar  in  appearance,  differing  only  in  colour  when  the 
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Fio.  568.— Neomenia  carinata,  reproduc- 
tive oiigans;  cop.  copulatory  oivuiim  ;  cion. 
{^nads  enclosed  in  extensions  of  the  i>eri- 
cardial  cavity  ;  gonotl.  i^noduct« ;  jteri.  i»eri- 
cardium  ;  rect.  rcceptaculum  semiuls.  (From 
Simroth,  after  Wiren.) 
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|)rodiictr3  are  mature.  Each  is  an  unpairtMl  sac  marked  by  a  series 
of  slight  lateral  constrictions. 

Littlt^  is  known  of  the  development  of  the  Aplacophora.  The 
fggs  undergo  complete  segmentation,  antl  give  rise  to  a  gastrula 
by  invagination.  This  develops  into  a  form  of  trochosphere 
with  a  ciliated  ring  called  the  jyrotolrock  or  veliiiit. 

The  eggs  of  Chiton  are  fertilised  in  the  mantle-cavity,  where  in 
one  species  they  are 
retiiined  until  the 
onibrj'os  are  fiilly  de- 
veloped. At  firet  the 
»egnienlation  is  toler* 
ably  eqnal — the  ovum 
becomingdivided  into 
four  approximately 
equal  olastomeres ; 
but  at  the  stage  of 
fight  cells  four  on 
one  si<le  arc  to  be  dis- 
tinguished as  larger 
than  the  other  four. 
These  two  sets  un- 
dergo further  divi- 
sions, and  arrange 
themselves  in  such 
a  way  as  to  form  a 
somewhat  flattened 
blastula,  one  side  of 
which  (vegetal  pole) 
is  composed  of  a  com- 
paratively small  num- 
Wr  of  large  cells. 
Then  follows  the  in- 
vagination of  the 
cells  of  the  vegetal 
side  and  the  resulting 
formation  of  a  gast- 
rula.      This    soon    be-  -^f"""".  ^(t^r  H.lk.r iU.M(.) 

comes    elongated     in 

the  direction  of  the  future  long  a.\is.  Two  ondixleiiii  cells 
of  specially  largi'  size  in  the  neighbourhood  of  the  blastopore, 
with  several  olhers  in  their  jiroxiniity.  constitute  the  rudiments 
of  the  mesoderm  (Fig,  570.  B.  im-x.) :  thi'se  pass  into  the  seginen- 
tation-cavity,  and  speeiiily  assume  a  bilateiiil  arnuigement. 

Two  rings  of  cells  suniiunding  the  embryo  develop  cilia  (a/.), 
and  by  the  double  circlet  thus  fonii.d  the  larva  becomes  divided 
into  an  anteriiir  antl  a  posti-ri'T  i-eginn.     The  blastnpore  bi'comes 
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shifted  from  its  original  ]X)steriur  position  Ibrwaitis  on  the  ventral 
surface,  until  it  comes  to  be  situated  just  behind  the  circlet  of 
cilia ;  it  becomes  elongated,  and  an  invagination  of  ectoderm  round 
its  anterior  end  forms  the  mouth  (mo.)  and  stomodajum.  A  ventral 
diverticulum  of  thii  f  jrms  the  rudiment  of  the  radular  sac  {rd.).  By 
greater  relative  growth  of  thp  post-oral  jjart  the  embryo  assumes 
the  form  of  a  pLar  and  in  this  Irochosphere  stage  with  a  prte-oral 
circlet  and  a  bunch  ot  cilia  in  the  middle  of  the  apical  area, 
it  becomes  free  in  the  case  of  certain  of  the  species,  while  in  others 
it  remains  encksed  in  the  egg  up  to  a  later  stage  of  development. 
As  yet  there  is  no  anus  that  aperture,  with  the  proctodasum,  being 
formed  bv  invaginatun  it  a  Uter  stage.  The  apical  plate  is  not 
prestnt  in   the   uvrlv  lirva    but  the   rudiments  of  the  cerebral 
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Plo.  670. — ObltOttj  deTdtopniflDt.  A.  gonoral  vitw  at  Larva; 
tTvobiHpliera.  ni/r.  ciiliilfi»Htnu(ntdrBiimta  al  ibiill) :  c^.  3.  < 
dl.  I.  ciiLiiry  Cttft  at  aplciil  poLo ;  tyr.  eyv  i  /I.  pV.  fuot-gloud ;  mi 
iqA.  moiith ;  nt  mdiilftT  Bftc  i  i;i.  s^noi;  rit.  g.  vlacoruL  goug] 
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ganglia  (C,  cer.  g.),  which  appear  at  the  apical  pole  at  a  later  stage, 
probably  represent  it.  Primitive  nephridia,  such  as  occur  in 
Annulate  and  many  Molluscan  trochospherea,  are  not  present. 

The  post-oral  region  now  becomes  greatly  elongated;  the 
mesodenii  increases  greatly  in  extent,  and  forms  two  well-defined 
streaks,  which  afterwards  become  divided  into  parietal  and  visceral 
layers  with  a  ca;lomic  space  between  them.  The  post-oral  part 
of  the  embryo  now  presents  an  appearance  resembling  rudimentary 
segmentation.  This  is  due  to  the  developmeut  of  a  series  of 
rudiments  of  the  eight  pieces  of  the  shell  (B,  cole),  each  of  which 
becomes  formed  independently  after  the  fashion  of  the  entire  shell 
of  other  Moilusea. 

£;ttaolo^.  Distribution,  &c.— All  the  Amphineura  are  ma- 
rine.    The  I'lacophora  occur  at  all  depths,  thtiugh  most  abundant 
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on  the  shores  between  tidal  limits.  The  Aplacophora,  on  the 
other  hand,  are  rare  in  very  shallow  water,  and  absent  alto- 
gether from  the  littoral  zone;  some  have  been  found  at  con- 
siderable depths  (down  to  1,250  fathoms).  The  Placophora  are 
all  vegetable  feeders,  their  food  consisting  of  minute  algae 
and  diatoms.  The  Aplacophonx  subsist  on  small  animals. 
The  Placophora  when  at  rest  adhere  firmly  to  the  surface 
of  a  rock  or  a  block  of  coral  by  means  of  the  sucker-like  foot. 
When  forcibly  detached  the  animal  curls  itself  up  into  a  ball, 
and  will  only  after  a  considerable  time  slowly  extend  itself  again. 
All  their  movements  are  extremely  sluggish.  The  Aplacophora 
are  unable  to  fix  themselves  in  this  way ;  many  of  them  occur 
twined  round  the  stems  of  zoophytes,  sometimes  attached  by  a 
thread  of  viscid  mucus. 

The  Aplacophora  have  no  hard  parts  that  would  be  recognisable 
in  the  fossil  condition  ;  but  numerous  fossil  Placophora  are  known 
from  Silurian  formations  onwards.  The  valves  of  the  Silurian 
genera  differ  from  those  of  recent  fonns  in  the  absence  of  the 
articulations. 

CLASS  in.— OASTBOPODA. 

The  Gastropoda,  including  the  Snails  and  Slugs,  Limpets, 
Whelks,  Periwinkles,  Sea-hares,  and  the  like,  are  Mollusca  in 
which  there  is,  as  a  rule,  a  shell  composed  of  a  single  piece, 
and  in  which  the  mantle  is  not  divided  into  two  lateral  folds  as 
in  the  Pelecypoda.  The  body  is  ine(|uilatenil,  owing  to  the 
one-sided  development  of  the  visceml  niiiss.  There  is  a  well- 
developed  ventral  foot,  usually  with  a  broad  flat  surface  on  which 
the  animal  creeps.  A  head-region  bearing  eyes  and  tentacles  is 
distinguishable  in  front  of  the  foot.  The  alimentary  canal  is 
characterised  by  the  presence  in  the  buccal  region  of  a  peculiar 
organ,  the  odontophore,  present  also  in  some  of  the  Amphmeura, 
bearing  rows  of  minute  chitinous  teeth.  Plume-like  ctenidia  are 
usually  present.  A  metamorphosis  occurs  in  the  development, 
during  which  the  young  Gastropod  jkxsscs  successively  thnmgh 
Trochosphere  and  Veliger  sUiges.  The  majority  of  the  families 
of  Gastropoda  are  marine,  a  few  of  thi*si»  Ix'ing  j)elagic;  but 
some  inhabit  fresh  water  and  others  arc  terrestrial. 

1.  Example  of  the  Class. — The  Triton  (Triton  nodiftrus), 

Triton  is  a  marine  Gastropod  living  in  shallow  water,  usually 
close  in  shore.  The  species  to  which  the  following  description 
specially  applies  has  a  ver}'  wide  range,  from  the  English  Channel 
to  the  South  Pacific,  and  occurs  as  a  fossil  as  far  bixck  as  the 
Miocene.  In  most  resjK*cts  the  English  Whelk  (Buccinum  i/7i- 
daium)  will  be  found  to  confonn  to  the  description. 


The  ihell  (^Fig.  571)  is  a  very  hard  and  ticnsL-  calcareous 
structure,  presenting  no  tra^^e  of  diiision  into  the  valves  com- 
posing the  ehell  of  the  fresh-water  Mussel,  and  lackiDg  also 
its  bilateral  symmeti^'.  It  is  in  the  fomi  of  an  elongated  hollow 
cone  closely  wound  round  a  central  axis.  The  apex  of  the  cone 
is  the  organic  apex  of  the  shell,  corresponding  to  the  umbo  of 
the  fresh-water  Mussel,  and  is  the  point  from  which  the  growth 
of  the  shell  has  proceeded ;  the  base  is  represented  by  the 
wide  oblique  opening — the 
mouth  or  ^H-ristomr  of  the 
shell.  Starting  from  the 
apex  along  the  internal 
cavity  of  the  wpirally  wound 
cone,  in  order  to  reach  the 
mouth  in  an  adult  shell, 
we  have  to  pass  completely 
round  the  central  axis  five 
times — I.e.  the  s]iiml  con- 
sists of  five  turns.  In  fol- 
lowing the  turns,  the  direc- 
tion taken  is  to  the  right, 
that  is  to  say,  the  spiral 
of  the  shell  is  a  right- 
handed  or  licjiral  one.  The 
axis  (Fig.  572)  is  in  the 
shape  of  a  twisted  shelly 
rod— the  colnmdla  —  con- 
taining a  narrow  lumen  ;  it 
is  fbnoed  by  the  close  union 
"f  the  a.\ial  portions  of  the 
wall  of  the  spiral.  The 
windings  of  the  spiral  are 
marked  on  the  outer  sur- 
face of  the  shell  by  a  nar- 
I'ow  impressed  spiral  tine  or 
mUnrr,  parallel  with  which 
are  HumeroUH  fine  ridges 
and  depressions — the  linee 
uf  the  bhell  takes  place  in 
the  direction  of  these  lines,  not  at  right  angles  to  them  as  in 
the  shell  of  the  fresh-water  Mussel,  and  the  lines  that  more 
strictly  correspond  to  the  lines  of  growth  of  the  latter  are 
excessivelj  fine  striie  which  run  tmnsvei'sely  to  the  stronger 
lines.  k\  certain  points,  usually  three  in  a  full-grown  shell, 
the  spiral  is  inteniipted  by  a  transversely  dii'ected  edge  which 
appears  to  overlap  the  succeefling  portion :  this  edge  marks 
the    position    which    the    mouth    of    the    .shell    has    occupied 
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during  i-cgtilarly  riTUiTing  periods  of  arrest  of  growth,  jjrobftbly 
aimual. 

The  mouth  of  the  sht'll  is  bonlered  on  the  side  inrned  away 
from  the  columella  by  a.  prominent  rim  or  fud^r  lip  of  the 
peristome ;  this  is  produced  at  the  extremity  farthest  from  the  apex 
of  the  shell  into  a  spout-like  process — the  siphvncU  prvceaa.  The 
prominent  edge  of  the  peristome  is  in  relation  to  the  dorsal 
surface  of  the  body  of  the 
animal:  the  opposite  side 
has  no  promment  edge, 
but  is  rounded  off  to  form 
a  smooth  innr-r  lip ;  a 
couple  of  ridges  on  this 
inner  lip  towards  the  apical 
end  aid  the  animal  in 
drawing  itself  out  after  it 
has  become  retracted  into 
the  interior  of  the  shell. 
The  outer  Hp  is  in  rela- 
tion tiO  the  aon^l  surface 
of  the  body  of  the  animal, 
the  inner  lip  in  relation 
to  the  ventral  surface  ;  the 
siphonal  proct^as  is  for  the 
lodgment  of  a  spout-like 
process  of  the  edge  of  the 
mantle — the  itiphon. 

When  removeti  from  the 
water,  or  dipturbed  in  any 
other  way,  the  animal  be- 
comes completely  with- 
drawn into  the  interior  of 
the  shell,  when  the  latter 
is  oliserved  to  become 
closed  by  a  plate — the  i'i>ei-- 
riiium  (Fig.  573) — which 
fits  accurately  across  the 
passage  some  distance  in- 
ternal to  the  peristome.  The  operculum  is  au  oval  plate  of 
chitinoid  material  hardened  by  calcareous  deposits;  like  the 
shell  itself,  it  exhibits  lines  of  growth  marking  what  has  been 
its  edge  at  aucce.ssivo  stagaf  in  the  development  of  the  shell. 

The  minute  structure  of  the  shell  is  in  the  main  similar  to  that 
of  the  fresh-water  Mussel  (p.  (J34).  The  outer  surface  of  tho 
shell  ia  covered  with  a  thin  layer  of  unealcified  chitinoid  material 
the  permtraeum  .-  beneath  which  is  n  thick  pnsnutlK  layer,  and, 
Uoitig  the  inner  -suriiico,  a  layer  of  nnrrr. 
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External  features  of  Boft  parts. — The  Triton  is  able  to 
extfud  itaolt'  tu  a  cuiisidurable  degree  bej'oud  the  mouth  oi'  the 
shell ;  but  n  portion  of  the  body  always  remains  concealed  in  the 
interior,  even  when  the  animal  has  ex- 
tended itself  to  its  utmost,  the  body  being, 
like  that  of  the  fresh-water  Mussel  (and 
of  nearly  all  the  Mollusca),  organically 
connected  with  the  shell.  In  Triton  the 
connection  is  by  means  of  a  strong  muscle 
—the  columellar  miiscle  (Fig.  574,  col.  m.) 
— which  extends  from  the  concave  right 
side  of  the  animal  to  the  columella,  into  which  it  is  inserted  ;  it 
is  by  means  of  this  muscle  that  the  anterior  portion  of  the  body, 
capable  of  being  thrust  out  through  the  mouth  of  the-ahell,  may 
again  be  withdrawn. 

If  the  Triton  be  examined  in  the  extended  condition  (Fig.  574) 
it  will  be  found  to  present  a  distinct  head,  which  beare  dorsally 
a  pair  of  appendages^the  Untacha  (tenl) — of  a  sub-cylindrical 
shape,  slightly  compressed  towards  their  bases,  and  nitrrowing 
somewhat  towards  their  free  extremities;  these  are  capable  of 
being  extended  and  contracted,  but  not  of  being  completely  re- 
tracted. Each  bears  on  its  outer  side  some  little  distance  from 
the  base  a  prominent  eye.  At  the  anterior  end  of  the  head  on 
its  ventral  aspect  is  the  opening  of  the  mouth.     When  the  animal 
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is  feeding,  an  elongated  cylindrical  infravert  (Fig.  575),  comparable 
to  that  of  Sipunoulus  (p.  451),  is  extended  forwards,  bearing 
the  mouth  at  its  anterior  end ;  at  other  times  the  introvert  is 
completely  involuted  within  the  head  and  anterior  portion  of 
the  body.  In  the  male  on  the  right-hand  side  of  the  body,  some 
little  distance  behind  the  head,  is  a  long  narrow  fleshy  process, 
broader  at  the  base  than  at  the  free  end,  and  deeply  grooved 
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longitudinally;  this  is  the  jpenis.  Running  back  from  its  baye 
is  a  narrow  groove  with  prominent  lips — the  sperm  gi^oove,  con- 
tinuous with  that  on  the  penis;  in  the  female  these  parts  are 
not  represented. 

Foot. — On  the  side  of  the  body  (ventral)  which  the  animal 
applies  to  the  surface  of  the  ground  when  it  extends  from  the 
shell  is  a  flat  surface  elongated  in  the  antero-posterior  direction ; 
the  wall  of  the  body  in  this  region  is  composed  of  a  dense  mass 
of  muscular  fibres ;  this  is  the  principal  part  of  the  foot  {pi'o- 
podinm  and  mescpodium  combined) ;  the  posterior  portion  {meta- 
2>odium)  is  a  thick  process  projecting  behind  this  and  bearing 
the  operculum  on  its  surface.  The  foot  is  highly  contractile,  and 
it  is  by  means  of  contractions  passing  over  it  in  a  succession  of 
undulations  that  the  animal  creeps 
along,  dragging  after  it  the  rest  of 
the  body  enclosed  in  the  shell.  In 
the   middle  line  of  its  flat  surface,  "^ 

nearer  the  anterior  than  the  posterior  iniro 

end,  is  a   slit-like   aperture   leading 
into  a   cavity  lined  with   unicellular      fio.  575.— Diagram  of  Uiemtrovcrt  of 

1        1         xi-_ji7       -i  Triton,  in  longltudiual  iiection, 

glanaS the  peaal  gCana.  as  it  appears  when  almost  com. 

When  the  remainder  of  the  body  ^n^lSnar^of'^ThV^^^^^ 

has    been    removed  from   the   shell,  mentap-  can^ ;  the  cn>«i.hatched 

..      .^  J.       I.'  1  •.  l»rt  the  wall    of  the  introvert ; 

it     IS    lOUna    to    be  twisted   up  into    a  the  dotted  liuo  marks  the  position 

coil — the  ▼isceral  spiral,  correspond-  hitJ^vert^ilIi^8^?«')??.  totiSvertl 

ing  to  the  spire  of  the  shell  within  ;X;giT"^^  *  *'*'  ^"'"""  ""^  ""*"" 

which  it  was  lodged.     This  is  unsym- 
metrical,  the  axis  of  the  spiral  being 

directed,  not  straight  backwards,  but  backwards,  upwards,  and  to 
the  right.  The  external  asymmetry  of  the  body  is  not  strongly 
marked  in  the  part  which  is  capable  of  being  protruded  from  the 
shell,  but  is  still  recognisiible,  and  an  examination  of  the  internal 
organs  shows  a  marked  excess  of  development  on  the  left-hand 
side,  i.e.  the  side  which  corresponds  with  the  longer  outer  side  of 
the  spiral  of  the  shell.  The  surface  of  the  i)art  of  the  animal 
which  is  capable  of  being  pushed  out  from  the  shell  is  covered 
with  a  thick  integument,  which  is  darkly  pigmented,  except  un 
the  lower  surface  of  the  foot.  Over  the  visceral  spiral  the  mantle 
forms  a  thin,  delicate,  colourless  layer.  Anteriorly  this  becomes 
thickened  and  pigmented,  and  at  the  posterior  limit  of  the  i)ro- 
trusible  part  gives  rise  to  a  thickened  ridge,  the  collar  (Fig.  574, 
colL)y  forming  a  semi-circle  over  the  dorsal  and  lateral  regions.  In 
the  middle  this  is  not  in  close  contact  with  the  bodv,  but  leaves  a 
large  cleft  leading  into  a  very  wide  space  extending  backwanls  for 
a  considerable  distjmce.  This  space,  which  is  tbnned  by  an  infold- 
ing of  the  mantle,  is  termed  the  mantle  ov  pallial  cavitij.  In  it  are 
to  be  found  the  ctenidium,  theosphradium,and  the  anal,  excretory, 

\  \  2 
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and  iv]ji-i)tlut'tive  apertures.  Tlie  wall  of  the  canity  is  much  I 
fdlded  and  jilaited,  and  contains  a  quantity  of  j,'landular  tissue,  I 
the  plaits  being  most  numerous  on  the  right-hand  side  in  front  \ 
of  the  anus.  I 

The  ctenidlum  or  gill  (Fig.  576,  ctcn.)  is  closely  applied  to  the  I 
wall  of  the  mantle-cavity  to  trie  left  of  the  middle.  It  consists  of  j 
a  main  stem,  with  which  aie  connected  a  row  of  delicate  flexible  ] 
lamime  set  at  right  angles  to  it ;  these  are  broadest  in  the  middle,  J 
becoming  smaller  towards  the  ends.  1 

The  osphradliim  {o^h.)  lies  close  to  the  ctenidium  on  its  right-  j 
hand  side,  i.e.  neai-er  the  middle  of  the  body.  It  presents  a  central  j 
axis,  connected  with  which  are  two  rows  of  close-set  delicate  1 
lamellie  placed  at  right  angle.B  to  it.  Like  the  ctenidium,  it  is  I 
closely  applieti  to  the  wall  of  the  mantle-cavity  throughout  its  J 
length.  The  laminse  of  the  osphradium  are  supplied  with  nerves  1 
which  ramify  ■■ver  them ;  and  its  function  seems  to  be  to  J 
ascertain  Ihe  cunilitinn  of  the  water  that  enters  the  mantle-caWty.    ] 

Digestive  System.- — The  mouth,  situated  at  the  anterior  end   ' 
of  the  introvert,  leads  into  a  large  chamber  with  muscular  walls, 
the  huceal  camty  {hue).     At  the  sides  of  the  entrance  to  this  cavity 
the  investing  cuticle  is  thickened  to  form  two  distinct  homy  plates 
^the  jam  (Figs.  576,  577,  and  57S,  jaw).     The  jaws  are  rtesible, 
and  on  examination  under  the  microscope  are  found  to  be  com- 
posed  of  numerous   rows   of  minute   bodies,   the   denticles;  the   I 
anterior  edge  is  minutely  denticulated.     Fi-om  the  floor  of  the   ' 
cavity  rises  an  elevation,  the  odoniophorc  (Fig.  576,  od.,  Fig.  577, 
odani.),  which  is  somewhat  elongated  in  the  direction  of  the  long 
axis  of  the  body  and  compressed  laterally,      Over  the  summit  of 
the  odontophore  runs  longitudinally  a  narrow  strap-like  body,  the 
roffwla  or  Imgual  ribbon  (Figs.  577  and  578,  ?wrf.),  beset  with  , 
numerous  minute  homy  teeth  arranged  in  transverse  rows.     Pos- 
teriorly this  toothed  ribbon  extends  into  a  narrow  curved  pouch  i 
— the  reuhilar  sae  (Fig.  576,  md.s.  Fig.  578,  rad.  sac.') — extending  J 
backwEirds  from   the  posterior  and  lower  aspect   of  the  buccal  I 
cavity.     Anteriorly  it  does  not  extend  beyond  the  odontophore  ] 
prominence.      The    latter    contains    cartilages   (Fig.   578,  cart.)  1 
serving  for  the  support  of  the  whole  apparatus,  and  is  capable  I 
of  being  extended,  with  the  radula  which  it  bears,  through  the  j 
opening  of  the  mouth  by  the  contraction  of  sets  of  protractor  1 
muscular  fibres.     Inserted  into  the  radula  itself  ai^'  seta  of  buids  1 
of  muscular  fibres  by  which  it  can  be  tlrawn  backwards  and  for* 
wartis  over  the  odontophore  as  over  a  pulley,  the  effect  being  »  ] 
rasping  of  any  hard  substance  against  which  it  is  pressed.     The 
entire  buccal  cavity  is  capable  of  being  drawn  forwards  towards  1 
-the  mouth  opening,  or  backwards  into  the  introvert  by  the  ccm-  J 
traction  of  stnmds  of  muscular  fibres  passing  from  its  wall  to  thaj 
wall  of  the  botly. 


__, rebfwLj  dltldud  «ti  ua  b>  brlui; ._  . , . .  

•nd  B  poitlaii  of  Ihs  Dm-Tuiit  iTiMiiL    Tht  iHwcal  wltj  h»  bean  ttlt«d  up  mkI 
to  *lww  ilie  odanuiphare.  uul  tb*  amafbtgoM  hM  bsm  cut  thmigli  nov  Uw 


.-, :ii  dirtdodtiv  ■  laiigltiidltnl  ludnbiu  uiil  llu 

lu  noDldluiu  and  «iihnidliim,  (ltd  ttwt  nil  Ihs  ri4|bl  Um 
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nrabnl  BtngUa ;  •mp.  <-nj|>  -.  cii  i> 
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. .  Ill  uid  liirt»il  Hlds;  gipt.  mnbnitlum:  >nA  Dtlduci  ;   i»-»'. 

\  at  ovldon  ;  jJrHr.  ff,  iilsund  gancltoo  ;  ew.  owi,  inatrrtcii 
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cavity  runs  backwai-ds  a  long  uaiTow  tube 
la— the  a-soph'ff-i'fi  (Figs.  576  and  578,  ffS.\ 
Posteriorly  this  opens  into 
a  large  ovoid  sac — the  crop 
(Fig.  576,m<j3).  Theouter 
fiiirfice  of  the  crop  ap- 
pears marked  with  nunier- 
ims  close -set  fine  liiiea, 
transverse  or  oblique  in 
direction,  and,  when  the 
cavity  of  the  organ  is 
opened,  it  ia  found  that 
these  correspond  to  nunier- 
uiiH  dolicatd  folds  which 
extend  to  neai'  the  middle, 
and  almost  completely 
block  up  the  himeii.  On 
either  side  of  the  crop  is 
a  large  gland — tho  scUvciry 
'jhind  (Fig.  576.  /.  *'/.  y/.. 
Fig.  680,  r. »'!.  j/.)— iwrtly 
composed  of  a  compact  glandutai-  substance,  partly  of  spongy 
tissue  in  which  the  secretion  collects.  The  two  sahvary  glands 
are  imlike  in  size  and  shape,  that  on  the  left-hand  side  being 
much  longer  than  that  on  the  right.  Each  has  a  narrow  duct 
(ml.  rfw.)  which  runs  forward.^  and  inwards  to  the  dorsal  aspect  of 
the  CBSophagus, 
where  the  two 
come  into  close 
apposition,  ht- 
coming  embed- 
ded in  the  wall 
of  the  cesopha- 
gus.along  which 
they  run  for- 
wards to  open 
into  the  buccal 
cavity. 

From  the  crop 
leads  backwards 
and  to  the  left 
a  narrow  cylin- 
drical tube — the 
posterior       ceso- 

phagus.  On  this  follows  a  stomach  (Fig,  574, s(om.)  which  is  in  thel 
form  of  a  U-shaped  tube  partly  embedded  in  the  substance  of  .1 
the  liver,  the  hrjxiHc  duds  from  which  open  into  it.     The  tubular  ] 


I 
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stomach  is  followed  by  a  somewhat  narrower  tube — the  intestine 
(Fig.  576,  int.).  This  enters  the  cavity  of  the  nephridium,  round 
the  interior  of  which  it  bends,  and,  leaving  it  at  its  right-hand 
side,  runs  forwards  in  a  straight  course  as  the  rectum  {rect.) 
embedded  in  the  glandular  wall  of  the  mantle-cavity,  to  near 
the  anterior  end,  where  it  terminates  in  a  short,  freely  projecting, 
spout-like  portion,  with  the  anus  {an.)  at  its  extremity. 

The  liver  forms  a  mass  of  reddish-brown  glandular  follicles  which 
compose  the  greater  part  of  the  bulk  of  the  visceral  coil. 

Vascular  system. — Close  to  the  base  of  the  ctenidium,  behind 
it  and  a  little  to  the  right,  is  the  heart,  lodged,  like  that  of  the 
fresh-water  Mussel,  in  a  cavity,  the  pericardium,  lined  by  a  trans- 
parent membrane — the  pei*icardial  membrane.  The  heart  consists 
of  two  chambers,  an  auricle  (Fig.  576,  aitr.)  and  a  ventricle.  The 
auricle,  which  is  the  smaller  of  the  two,  is  situated  somewhat  in 
front  of  the  ventricle,  close  to  the  ctenidiimi,  from  the  main 
central  vessel  of  which  it  receives  the  blood.  The  ventricle  (vent.) 
is  of  somewhat  pyramidal  shape,  but  with  the  edges  rounded 
off.  Its  wall  is  extremely  thick  and  muscular.  Passing  out  from 
the  ventricle  towards  the  right  is  a  thick  artery,  which  soon 
divides  into  two,  one  running  forwards,  the  other  backwards — the 
anterior  (ant.  a(yrt.)  and  posterior  (post,  aort.)  aorta'.  The  former 
is  a  veiy^  large  trunk  which  nms  forwartls  below  the  posterior 
oesophagus,  crop,  and  anterior  oesophagus,  giving  off  branches  as 
it  goes,  to  the  region  of  the  head.  The  posterior  aorta,  narrower 
than  the  anterior,  passes  into  the  visceral  spiral,  where  it  breaks 
up  into  branches  for  the  supply  of  the  various  j)arts.  The  blood- 
system  consists  in  large  measure  of  sinuses,  as  in  the  fresh-water 
Mussel,  and  the  general  course  of  the  circulation  is  similar  to 
what  has  already  been  described  in  that  Mollusc  (p.  640). 

Excretory  Ssrstem. — There  is  only  one  meso-mphridium 
(neph.\  a  large  organ  situated  dorsally  behind  thi'  i)ericardium. 
It  is  a  sac  with  thick,  glandular,  and  highly  vascular  walls,  the 
inner  surface  of  which  is  thrown  into  numerous  complex  folds. 
In  front  it  communicates  directly  by  a  large  aperture  {neph.  ap.) 
with  the  mantle-cavity,  and  by  a  narrower  passage  with  thi* 
pericardium. 

The  nervous  system  (Figs.  570  and  580)  is  more  highly 
elaborated  than  in  the  fresh- water  ilusst'I.  Two  pairs  of  nerve- 
ganglia — the  cerebral  (cer.  g.)  and  the  2)leHral  (;>/.  //.) — lie  close 
together  over  the  posterior  part  of  the  oesophagus,  just  where  it 
passes  into  the  crop.  The  right  and  left  ganglia  of  each  jmir  are 
fused  together  in  the  middle  line,  though  separated  by  a  con- 
striction, and  the  ganglia  of  the  two  jmirs  are  placed  very  close 
together,  though  quite  distinct.  From  each  cerebral  ganglion 
there  passes  forwards  a  stout  cercbro-buecal  connective  (cer.  buc.  C(m.) 
to  a  buccal  ganglion   situated  on  the   posterior   surface  of  the 
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Flo.  sn.— Triton  nodueras.  XerroiiJ'  eynlem,  rnmi  the  deinnl  bMo.  <-rr.  Aur.  ran.  cenbn 
hiicqul  ronuoctlVB ;  cir.  g.  PsrobtBl  gMiglloii ;  ml.  m.  nerves  to  Iho  eoliinielUr  miiiclo :  infm.  i 
llkfrHHCAnphagcAl  Tlacoral  gaD^lioii ;  t.  nfrtl.  p.  left  abdoniLiiH]  gKiialioii  ^  I.  tr.  rt.  left  bnuichit 
nuTT« ;  r.  f'r.  4'-  nervea  to  bnuchta  Aud  oophradium ;  /,  ^Hnnir, }«.  left  mantle  nerve ;  peJ.  ntp 
eerebm-pedal  and  pleum-pedal  eouDoctires ;  j»t.  u,  iwdnl  ji^auglla :  pi.  p.  pleurul  nuttUon 


r.  nffii.  p.  right  abdominal  ifangtlvti ;  i\  hr.  n.  rivht  titiknchlql 
nerve;  f«/fm,  p- iiiii>Ta-iut«stLna]  vLtceral  ^ngTluu;  titc.  n.  v 
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buccal  chamber.  Also  given  off  anteriorly  from  the  cerebral 
ganglia  are  optic  nerves  to  the  eye,  and  tentacular  nerves  to  the 
tentacles.  From  each  cerebral  ganglion  passes  downwards  and 
forwards  a  stout  cerebro-pedal  connective,  and  from  each  pleural 
ganglion  a  pkuro-pedal  connective,  to  a  large  pair  of  closely-united 
pedal  ganglia  (Figs.  579  and  580,  2^^^^-  O)  embedded  in  the 
upper  layers  of  the  muscles  of  the  foot,  to  which  they  give  off 
numerous  nervea  The  right  pleural  ganglion  gives  off  behind  a 
supra-intestinal  visceral  connective,  which  bends  across  to  the  left, 
over  the  oesophagus,  and,  some  distance  to  the  left  of  the  ali- 
mentary canal,  expands  into  a  triangular  SHpra-intestiiial  visceral 
ganglion  {supra,  g.),  situated  below  the  superficial  layer  of  muscular 
fibres.      The  left   pleural  ganglion   gives   off  an  infra -intestinal 
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Fig.  580. — Triton  nodiferas.  Latcml  view  of  ncrvc-^uigli;i  atiul  rulaito<l  \vxx\».  I^ettem  as  in 
Fig.  579:  in  addition — nnt.  iw.  anterior  aorta;  rr.  crop;  «.«.  iVHopliagiui ;  «a/.  cfu.  aaliTary 
ducts  ;  r.  md.  gl.  salivary  gland. 

visceral  connective,  which  jmsses  obliquely  backwanls  and  to  the 
right,  below  the  alimentary  canal,  to  a  ganglion  situated  a  little  to 
the  right  of  the  middle  line — the  infra-intedinal  vviceral  ganglion 
(infra,  g.).  The  supra-intestinal  ganglion  gives  off  a  nerve  which 
runs  towards  the  osphradium  and  ctenidium,  which  it  supplies 
with  branch  nerves,  and  unites  with  a  stout  mantle  nerve  (imant.n,), 
which  is  given  off  from  the  left  j)leuml  ganglion.  The  right 
pleural  also  gives  off  a  stout  connecting  nerve  to  the  infra-intes- 
tinal ganglion.  From  the  supra-  and  infra-intestinal  ganglia  the 
left  and  right  visceral  connectives  are  continued  backwards  and 
unite  behind  in  the  neighbourhood  of  the  stomach ;  each  ends 
in  a  triangular  ahdoininal  ganglion  (/.  nhl.  g.;  r.  nltd.  g.),  and  these* 
are  joined  by  a  transverse  commissure,  from  which  a  number  of 
visceral  nerves  are  given  off.  A  remarkable  torsion  of  the  nerve 
connectives  is  here  to  be  observed,  the  two  visceral  connectives 
becoming  twisted  into  the  form  of  the  figure  S. 


The   organs  of  special   senBe  uf  Triton,  in  ad<iition  to  the 
tentacles  and  the  osijhradiinii,  which  have  been  already  referred 
to,  are  the  eyes  and  the  otocysts.     The  eye  (Fig.  581)  is  a  rounded 
invagination  of  the  epidermis  with  an  inner  wall  or  reiiTin  (ret.) 
c<iinp(.>sed  of  pigmenhsl  and  sen- 
^o         ^  sory  cells.  The  latter  {rtthiophoreii) 

are  elongated  cells  nan-owed  at 
their  central  free  ends,  and  pro- 
duced at  the  opposite  extremity 
to  become  continuous  with  nerve- 
libi-ea  of  the  optic  nerve.  The 
former  {rctinulcc)  have  their  free 
extremities  much  enlarged,  and 
surround  the  slender  ends  of  the 
retinophoi-es.  A  layer  of  short 
rods  {rds.)  lies  within  the  retina 
proper.  The  outer  wall  is  thin, 
and,  with  the  overlying  epidermiH, 
forms  a  transparent  cornea.  In 
the  interior  of  the  eye  is  a  clear 
rounded  /ens  (^)  of  dense  ciiticulai: 
matter  secreted  by  the  cells  of 
the  retina ;  this  is  surrounded 
by  a  less  dense  bo<Iy — the  vitreous. 

The  texet  are  distinct.  There  is  a  single  gonaA—ovary  or  testis 
as  the  case  may  be — lodged  in  the  visceral  spiral.  The  sperm-duct 
is  a  white  tube,  thickish  and  much  convoluted  where  it  leaves  the 
testis,  narrower  and  straight  distally ;  it  opens  in  front  in  the 
mantle-cavity  into  the  proximal  end  of  the  sperm -groove,  which,  as 
already  mentioned,  runs  forwards  along  the  nght  side,  and  become» 
continuous  with  the  groove  traversing  the  penis.  The  oviduct 
(Fig.  576,  mid.)  is  proxiinally  a  very  delicate  tube  with  colourless 
transparent  walls.  This  runs  forwards  to  the  right  side  of  the 
mantle-cavity,  where  it  assumes  the  character  of  a  stout  tube 
{ovid.')  with  thickenetl  glandular  walls,  which  passes  forwards  close 
to  and  parallel  with  the  rectum,  and  opens  on  the  exterior  near 
the  anus. 


—Triton.    Ssctluii  • 


iS 


k 


2.  Distinctive  Characteus  and  Classification. 

The  Gastropoda  are  unsjTu metrical  Mollusca,  with  a  mantle 
which  is  not  dividetl  into  two  lateral  portions,  and  with  a  shell 
which  does  not  consist  of  two  lateral  valves,  but  of  a  single,  un- 
symmetrical,  usually  spirally  coiled,  valve,  enclosing  a  viscenii  mass 
of  corresponding  form.  There  are,  tyjiically,  two  plume-lik« 
ctenidia  enclosed  in  a  mantle-cavity,  but  there  may  be  only  one 
and  in  air-breathing  forms  ctenidia  are  not  developed,  respirati 


iniy  one ,       ^_ 
spi  ration     ^H 
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taking  place  through  the  wall  of  the  mantle-cavity  itself.  A  dis- 
tinct head  bearing  eyes  and  tentacles  is  present  in  the  majority. 
The  foot  is  situated  behind  the  head,  and  usually  has  an  extensive 
flattened  ventral  surface.  The  buccal  cavity  contains  an  odonto- 
phore.  The  nephridium  is  usually  single.  The  nervous  system 
contains  distinct  cerebral  and  pleural,  besides  pedal,  visceral,  abdo- 
minal, and  buccal  ganglia.  The  sexes  are  sometimes  separate, 
sometimes  united.  The  larva  passes  through  trochosphere  and 
veliger  stages. 

Sub-Class  I. — Streptoneura. 

Gastropoda  in  which  the  visceral  commissures  are  twisted  into- 
a  figure  of  8,  and  in  which  the  sexes  are  distinct. 

Order  1. — Aspidobranchia. 

Streptoneura  with  the  nervous  system  but  little  concentrated : 
the  peaal  ganglia  produced  into  long  cords  with  the  anterior  ends 
of  which  the  pleural  ganglia  are  fused,  the  cerebral  ganglia  wide 
apart,  the  osphradium  little  developed.  The  ctenidia,  nearly 
always  present,  are  plume-like  and  free  distally.  The  auricles^ 
and  the  nephridia  are  paired. 

Su  b-  Crdc  r  1 . — Dt  coylossa . 

Aspidobranchia  in  which  the  pleural  ganglia  are  not  connected 
with  the  opposite  visceral  commissure.  The  eye  is  in  the  form  of 
an  open  pit,  without  lens.  There  are  two  osphradia,  a  single  jaw,, 
and  no  operculum.     The  visceral  mass  is  conical. 

This  section  includes  the  Limpets  (Fatcllidw), 

Suh'Ordf r  2. — Rh  ip idoglossci. 

Aspidobranchia  in  which  each  pleural  ganglion  is  connected 
with  thci  opposite  visceral  commissure.  The  eye  is  a  closed  sac 
and  contains  a  lens.  There  is  nearly  always  a  single  osphradium 
(the  primitive  left),  a  pair  of  jaws,  and  two  auricles  in  the  heart. 

This  sub-order  includes  the  Ear-shulls  (Haliotida),  Trcchns, 
TurhOy  and  others. 

Order  2. — Pectixibraxchl\. 

Streptoneura  with  a  somewhat  concentrated  nervous  system. 
There  is  a  single  osphradium  which  is  ofti*n  pectinate.  Tht» 
primarily  left  ctenidium  and  nephridium  are  alone  developed. 
The  heart  has  a  single  auricle.  The  ctenidium  consists  of  a 
stem  with  a  single  row  of  lamellie,  attached  throughout  its  length 
to  the  wall  of  the  mantle-cavitv. 
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Sub-Order  1. — Platypoda. 

Pectinibranchia  with  the  foot  flattened  ventrally,  at  least  in 
front.     Jaws  are  nearly  always  present. 

This  sub-order  includes  the  .Co^vries,  the  Vennctes,  the  Tritons, 
the  Whelks,  the  Cones,  and  a  number  of  other  groups. 

Sub-Order  2. — Hcteropoda, 

Pelagic  Pectinibranchia  with  the  foot  laterally  compressed  and 
bearing,  at  least  in  the  male,  a  ventral  sucker.  The  visceral  sac 
and  mantle  form  only  a  small  part  of  the  mass  of  the  body.  Jaws 
are  absent. 

Sub-Class  II.— Euthyneura. 

Gastropoda  in  which  the  visceral  commissures  are  not  twisted 
into  a  figure  of  8,  and  in  which  the  sexes  are  united. 

Order  1. — Opisthobranchia. 

Marine  Euthyneura  with  aquatic  respiration,  the  auricle  of  the 
heart  usually  posterior  to  the  ventricle.  The  mantle-cavity,  when 
present,  opens  by  a  \vide  aperture. 

Sub-Order  1 . — Tectihranchia. 

Opisthobranchs  provided  in  nearly  all  cases  with  a  mantle  and 
a  shell,  nearly  always  with  a  true  ctenidium,  and  an  osphradium. 

This  section  includes  the  A'plysiidcc,  or  Sea-hares,  and  several 
other  families,  including  certain  pelagic  Gastropoda,  some  shell- 
bearing,  some  shell-less,  formerly  regarded  as  constituting  a 
distinct  class — the  Pteropoda, 

Sub-Order  2. — Nudibraiichia. 

Opisthobranchs,  which  are  devoid  of  shell  in  the  adult  condition, 
and  have  no  true  ctenidia  or  osphradium,  respiration  being  carried 
on  by  means  of  secondary  branchiae  usually  arranged  in  a  circlet 
around  the  anus  or  in  rows  on  the  dorsal  surface,  or  laterally  under 
the  edge  of  the  mantle. 

This  sub-order  includes  Doris,  Eolis,  Tethys,  and  other  shell-less 
forms. 

Order  2. — Pulmoxata. 

Euthyneura  devoid  of  ctenidia,  respiration  being  carried  on 
through  the  walls  of  the  mantle-cavity,  which  has  a  narrow 
•contractile  aperture. 

This  sub-order  includes  the  Land  Snails  and  Slugs. 
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Positicm  of  tk&  Exaviple. 

Triton  nodjferua  is  one  of  several  species  of  the  genus  Triton, 
which  is  the  only  member  of  the  family  TrUonidw,  belonging  to 
the  sub-order  Platypocla.  The  family  Tritonid^  differs  from 
the  other  families  of  the  sub-order  in  the  possession  of  a  pro- 
boscis, of  a  well-doveloped,  but  not  greatly  elongated,  siphon,  and 
of  a  short  foot. 

3.  General  OnnAXisATios. 

Bxtemol  Feature*,  Symmetry,  &c. — All  the  Gastropoda 
are  to  a  greater  or  less  extent  a.sym metrical.  In  the  yoimg  animal 
the  mouth  is  situated  at  the  anterior  and  the  anus  at  the  posterior 
extremity  of  the  body.  But,  as  a  result  of  one-sided  growth,  a 
great  distortion  of  the  parts  takes  place,  leading  to  a  more  or  less 
pronounced  asjinmetry.  Usually  it  is  the  left  sitle  which  grows  a 
good  deal  more  rapidly  than  the  right.  On  the  right-hand  side 
the  space  between  mouth  and  anus  increases  relatively  little,  while 
the  left  side  develops  rapidly.  The  result  is  the  shifting  of  the 
posterior  parts — the  anus,  the  ctenidia,  and  the  nephridial  openings, 
together  with  the  mantle-cavity  in  which  these  are  enclosed — over 
to  the  right  side  of  the  body,  so  that  those  parts  come  to  be  situ- 
ated sometimes  far  forwards  on  that  side,  sometimes  close  behind, 
sometimes  even  above  (doraal  to)  the  mouth.  Sometimes  the 
ctenidia,  originally  situated  to  the  right  and  left  of  the  anus, 
retain  this  arrangement  after  the  anus  has  become  displaced  for- 
wards, only  that  the  originally  right  ctenidiimi  is  now  on  the  left 
and  the  originally  left  on  the  right ; 
but  in  a  large  number  of  Gastropoda 
the  originally  right  ctenidium  aborts; 
and,  as  will  be  more  particularly  de- 
scribed later  on,  the  same  holds  go<«l 
of  the  nephridia  and  their  aperture's. 
This  displacement  of  the  anus  Uikes 
place  jmri  passu  with  the  great  de- 
velopment of  the  foot,  and  at  the  siinie 
time  with  the  outgrowth  of  the  doival 
region  of  the  body  into  a  great  promin- 
ence— the  visceral  prominence — con-  _ 
sequent  on  the  great  enlargement  of  y,.-,,  ,',hi._sh«u  <a  soiwinm  par. 
certain  of  the  internal  organs,  moR-  'S!!'{Fi<m^uJo!^'.r^^Ji  x^i"l^i 
especially  the  liver  and  reproductive  iiMom.) 
organs.     This  visceral  prominence  is 

as j-mmctrically developed. projecting  towanis  the  right  side;  some- 
times, as  in  the  limpets  {Patelhi),  if  is  simply  conical ;  usually  it 
is  coiled  into  a  spiral  of  few  or  many  turns  enclosed  in  the  shell. 
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Thi^  shell  in  the  adult  limpets  (Patella  and  allied  genera)  is  in 
the  forai  of  a  short  cone.  In  most  of  the  Gastropoda  it  is  in  the 
shapt!  of  a  spiral  with  the  turns  usually  in  close  contact  with 
one  another,  the  inner  walla  of  the  turns  coalescing  to  form  an 
axial.  hoUow  or  solid  column^the  columella.  The  portion  of 
the  shell  projecting  inwards  between  the  tiims  of  the  spiral 
sometimes  becomes  absorbed.  In  certain  cases,  on  the  other  hand, 
the  cavity  of  the  apical  portion  of  the  spiral 
may  become  cut  off  from  the  cavity  of  the 
rest  of  the  shell  by  the  formation  of  a  trans- 
verse partition,  the  animal  then  becoming 
restricted  to  the  basal  portion.  By  far  the 
greater  number  of  such  spiral  snolls  are 
dextral,  i.e.,  if  we  begin  at  the  apex  of  the 
spiral,  to  reach  the  opening  of  the  shell  we 
have  to  pass  from  left  to  right  with  the 
columella  always  on  our  right-hand  side :  in 
a  few  cases,  however,  the  spiral  is  einist^-al, 
taking  the  opposite  direction  from  that  of 
the  ordinary  dextral  shell,  The  form  of  the 
shell  varies  with  the  degree  of  obliquity  with 
which  the  whorls  are  set  on  the  axis.  When 
the  obliquity  is  very  slight  (Fig.  582)  the 
spiral  is  nearly  flat ;  when  the  obliquity  is 
great,  an  elongated  tapering  shell  such  as  that 
represented  in  Fig.  583  is  the  result.  Some- 
times the  later  whorls  completely  cover  over 
the  earlier  ones,  so  that  the  spiral  form  of 
the  shell  is  concealed.  Sometimes  only  the 
apical  portion  of  the  shell  is  spiral,  the  re- 
mainder being  a  straight  or  sinuous  cylinder. 
The  mouth  of  the  shell  has  usually  a  promi- 
nent margin  or  peristcntie,  which  is  sometimes 
entire  and  continuous,  sometimes  is  broken 
by  a  deep  notch  or  a  a  pout- like  process 
or  canal,  formed  in  connection  with  tne  de- 
4'rebra^'eliutB  velopuient  of  a  spout-like  prolongation  of  the 
mantle,  the  siphmi.  which  lies  in  it.  The  mouth 
of  the  shell  in  many  Gastropoda  is  capable  of 
being  closed  by  means  of  an  operculum  borne  on  the  foot.  In 
some  terrestrial  forma  in  which  an  operculum  is  absent,  the 
opening  may  be  closed  up  during  winter  by  a  layer  of  hardened 
mucous  matter  to  which  the  name  of  epiphragm  is  applied.  The 
margin  of  the  mantle  in  some  cases  bears  a  aeries  of  tentacles. 
Lateral  folds  of  the  mantle  are  in  some  of  the  Gastropoda 
(Fig.  584)  reflected  over  the  shell  and  may  completely  cover  it. 
In  some  cases  these  folds  imite  by  their  edge,  so  that  the  shell 
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comes  to  be   enclosed  in  a  complete   sac   of  the  mantle ;   such 
enclosed    shells    arc 
always      imperfectly 
developed  and  incap- 
able of  covering  the 
body.  Thus  in  Aply- 
Ma  and   some    other 
Opisthobrancha     the 
shell    is   greatly   re- 
duced,      thin       and 
homy,  and  concealed 
within*  the    mantle, 
while  in    the   nudibranch  (Fig.  585)  members  of  the  same  sub- 
order it   is   entirely  absent.     The  shoU   is   also   completely  ab- 
sent   in     some    of    the    pelagic    forms 
{Heteroimla  and  Ftc)-oj>oda);   in   others, 
thfmgh   present  and  external,  it  is  too 


FIU.M4.— OjvnB»maiMt«trciA'rlu).f(bunlngIhomulli 
proTldod  with  ijint^iiAl  tb-iitwUrt,  iiartly  eHvolonlDg  tb 


small  to  enclose  the  animal  (Fig.  58(i>.  In  the  slugs,  among  the 
Pulmonata,  the  shell  is  vestigial  and  concealed  by  the  mantle 
(Fig.  oH7). 

'I'iie  foot  varies  in  the 
ixti-nt  of  its  development 
in  th<'  different  fiimilies  of 
the  das.-*.  It  usually  pre- 
sents an  elonpatetl  Hat 
wntnil  surface  on  which 
the  animal  creeps  by  wave- 
like contnictions  of  the 
muscular  tissue.  In  the 
typical  (lastroiKMls  the  foot 
is  usually  distinguishable 
intc)  lhr<.-e  partj*,  a  middle 
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part  or  mesopodium,  which  ia  the  most  important,  with  a  smaller 
anterior  jJTopaWi/.wi  and  posterior  metitpiMliuiii.  In  many  burrowing 
forms  (rig.588)  the  propixliiim  is  well  developed  and  Bharply  marked 
off  to  act  as  a  bumiwing  organ.     In  a  few  cases  a  pair  of  tentack^s 


Fki,  figs,— BlcarettiBlKVlfBtiui,  usui[ilify<u)f  gml  <lcv#ln[iniont  •>[  prcipDdiiini  (pr.).  u 
inBl«p«lliim<pi.cf.),  inibiiirawliiBQMfrupcil.    Tlie  shell  iiw.  l>ecn  remoyod.    Mlvcr;  ».  n 


— the  }Kdal  tentacles — are  situated  at  the  anterior  end  of  the  foot ; 

Btill  rarer  is  a  pair  of  similar  appendages  at  the  posterior  end. 

The  whole  foot  tecomes  reduced  in  the  few  Oastropoaw  that  remain 

fixed.    The  metapodiuin  very  usually  in  the  Streptoneura  bears. 

a  disc  or  stopper — the  opcrmliim — usually  homy,  rarely  completely- 
calcified,  more  commonly  horny  with  a  thin 
calcareous  investment — by  means  of  which 
the  aperture  of  the  shell  ia  closed  when  the 
animal  is  retracted. 

In  some  forms,  such  as  the  Sea-hares 
(Aplygia)  (Fig.  589),  the  foot  develooa  a 
[Miir  of  lateral  lobe* — the  epijiodio — which 
lift  a^  fins ;  and  in  tlie  Pteropods  (Fig.  590). 

(«    \  which  are  specially  modified  for  a  pelagic 

l^-V-v        e.tistence,  these  constitute  the  largest  juirt. 
\l  of   the    foot.      In   the    Heteropoda   (Figs. 

m)  591,  592)  which  are  also  pelagic,  the  foot 

_         ^\  '*'  *'**"   modified    to   act   as   a  swimming 

organ.      In   one   family  of  this   sub-order 
(Fig.  591)  all  three  parts  of  the  foot  are 
well-developed,  the    mesopodium    bears   a 
sucker,  and  the  metajtodiuni  an  operculum ; 
in  the  rest  the  mesopodium  is  alone  well 
developed  and  form.s  a  laterally-compressed, 
vertically -elongated  fin. 
A  pedal  glajid  is  present  in  the  majority  l  it  is  a  simple  or 
branched  invagination  of  the  integumGnt,;lined  by  mucus-secreting" 
cells.     Very  commonly,  as  in  Triton,  it  opens  on  the  exterior  in_ 
the  middle  line  of  the  ventral  surface  of  the  foot. 
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The  Gastropoda  have  a  well-marked  head,  separated  from 
the  body  by  a  constriction  or  ncci.  The  mouth,  situated  at  the 
anterior  end  of  the  head  on  its  ventral  aspect,  is  in  many  instances 
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provided  with  a  protmsible  proboscis  or  introeert,  sometimes  of 
considerable  len^h.  On  the  dorsal  surface  of  the  head  are  a  pair 
of  tentacles  which  vary  a  good  deal  in  shape,  but  are  usually 
cylindrical  ur  club-shaped.  In  most  cases  the  eyes  are  situated  on 
tubercles  at  the  bases  of  the  tentacles,  or   elevated  towards  the 


mils  RpnidurtliB 


middle;  but  in  the  snails  and  slugs  (F)ilmonaitt)  (Fig.  593)  the 
eyes  are  elevated  on  the  extremities  of  a  second,  longer,  pair  of 
tentacles  {oc.  teni)  placed  behimi  the  first. 

The  mantle  is  usually  developed  into  a  fold — the  mantle  Jlap — 
VOL.  1  Y   Y 


a.  5T».— Triton  n_   _  _    .._ 

buccnl  cnnncctlTa ;  ctr-  ii.  nrebnl  gnngUou  ;  eoi,  iu  i^un'cx  lo  inc  commauar  uiilhcio  ;  iiva.  b 
lufta-iew>pbageaL  vlscoro]  nDgUon :  I.  'iftt.  a^  kft  abdomlual  ^ngrllon  ;  ^  br.  n^  left  brvicbUJ 
nurvo ;  I,  bn  n',  p«rvw  to  MsrichU  ntid  DS|UinHlluia ;  ^  h^'iri^  n.  loft  mantle  ner-vti ;  pet/,  con 
c?rv1in>-piHliLt  Hnd  pluuropedAl  counwtlvvn  ;  p^'f.  :^  podnl  AAnn;Ua  ;  pt^  p.  pktiral  jTAnffllou 
r.  n'-rf.  |f.  right  abdominal  ^n^Uifn  ;  *■•  i/^-  n,  nffht  liranchUl  i^orve :  r,  ina»r,  ir-  ritfht  nuuitle 
nene ;  ii'|>ni.  it.  Biipis-iiitestJuiU  vlacersl  gsngUou ;  iiir.  ti.  Tlsceral  nervs  biaacheB. 
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buccal  chamber.  Also  given  off  anteriorly  from  the  cerebral 
ganglia  are  optic  nerves  to  the  eye,  and  tentacular  nerves  to  the 
tentacles.  From  each  cerebral  ganglion  passes  downwards  and 
forwards  a  stout  cerehro-pedal  connective,  and  from  each  pleural 
ganglion  a  pleuro-pedal  connective,  to  a  large  pair  of  closely-united 
pedal  ganglia  (Figs.  579  and  580,  ^?e6?.  g.)  embedded  in  the 
upper  layers  of  the  muscles  of  the  foot,  to  which  they  give  off 
numerous  nerves.  The  right  pleural  ganglion  gives  off  behind  a 
mcpra-intestinal  visceral  connective,  which  bends  across  to  the  left, 
over  the  oesophagus,  and,  some  distance  to  the  left  of  the  ali- 
mentary canal,  expands  into  a  triangular  sujna-intestinal  visceral 
ganglion  (supra,  g.),  situated  below  the  superficial  layer  of  muscular 
fibres.      The  left   pleural  ganglion   gives   off  an  infra-intestinal 


T:s€iL*ffL 
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Fio.  580. — ^^rlton  nodiferas.  Latcml  view  of  uurvc-^nglia  aud  rcLitcd  parts.  Lettcn  as  in 
Fig.  579 :  in  addition — ant.  an,  anterior  aorta ;  cr.  croi) ;  u*.  cesojihagUH  ;  ml.  du,  Mdivary 
ducts  ;  r.  •at.  gl.  salivary  gland. 

visceral  connective,  which  passes  obliquely  backwards  and  to  the 
right,  below  the  alimentary  canal,  to  a  ganglion  situated  a  little  to 
the  right  of  the  middle  line — the  infra-intestinal  visceral  ganglion 
{infra,  g.).  The  supra-intestinal  ganglion  gives  off  a  nerve  which 
runs  towards  the  osphradium  and  ctenidium,  which  it  supplies 
with  branch  nerves,  and  unites  with  a  stout  mantle  ncn'c  (l.viant.n.), 
which  is  given  off  from  the  left  pleural  ganglion.  The  right 
pleural  also  gives  off  a  stout  connecting  nerve  to  the  infra-intes- 
tinal ganglion.  From  the  supra-  and  infra-intestinal  ganglia  the 
left  and  right  visceral  connectives  are  continued  backwards  and 
unite  behind  in  the  neighbourhood  of  the  stomach ;  each  ends 
in  a  triangular  ahdoininal  ganglion  (/.  rtbd.  g. ;  r.  fdtd.  g.\  and  these 
are  joined  by  a  transverse  commissure,  from  which  a  number  of 
visceral  nerves  are  given  off.  A  remarkable  torsion  of  the  nerve 
connectives  is  here  to  be  obsened,  the  two  visceral  connectives 
becoming  twisted  into  the  form  of  the  figure  8. 


The  organs  of  special  Bense  of  Triton,  in  adriitinn  tu  the 
tentacles  and  tht;  (jsphi'adium,  which  have  been  aln^ady  referred 
to,  Eire  the  ejes  and  the  otocj'sts.  The  eye  (Fig.  581)  is  a  rounded 
invagination  of  the  epidermis  with  an  irincr  wait  or  Tclina  {ret.)  • 
coinptised  of  pigmented  and  sen- 
scry  cflls.  The  \aXicT  (relinophoreiiy 
arc  flrmf,'ate'l  colls  narrowed  at 
thuir  conlral  free  ends,  and  pro- 
duced at  the  opposite  extremity 
to  become  continuous  with  nerve- 
fibres  of  the  optic  nerve.  The 
former  {jttinula)  have  their  free 
extremitiea  much  enlarged,  and 
.surround  the  slender  ends  of  the  ' 
retinophores.  A  layer  of  short 
rods  {tcU.)  lies  within  the  retina 
proper.  The  outer  wall  is  thin, 
and,  with  the  overij-ing  epidermis, 
forms  a  transparent  c&mea.  In 
the  interior  of  the  eye  is  a  clear 
rounded  /e7w(/.)  of  dense  cuticular 
matter  secreted  by  the  cells  of 
the  retina ;  this  is  surrounded 
by  a  less  dense  body — the  vitreous. 

The  Bezel  are  distinct.  There  is  a  single  gonad — ovary  or  testis 
as  the  case  may  be — lodged  in  the  visceral  spiral.  The  sperm-diiet 
is  a  white  tube,  thickish  and  much  convoluted  where  it  leaves  the 
testis,  narrower  and -straight  distaily;  it  opens  in  front  in  the 
mantle-cavity  into  the  proximal  end  of  the  sperm-groove,  which,  as 
already  mentioned,  nuns  forwards  along  the  right  side,  and  becomes 
continuous  with  the  groove  traversing  the  penis.  The  oviduct 
(Fig.  576,  ovid.)  is  proximally  a  very  delicate  tube  with  colourless 
transparent  walla.  This  runs  forwards  to  the  right  side  of  the 
mantle-cavity,  where  it  assumes  the  character  of  a  stout  tube 
(avid.')  with  thickened  glandular  walls,  which  passes  forwanis  close 
to  and  parallel  with  the  rectum,  and  opens  on  the  exterior  near 
the  anus. 
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2.  Distinctive  Chakacters  and  Classificatios. 

The  Gastropoda  are  uns^-mmetncal  Moliusca,  with  a  mantle  ■ 
which  is  not  divided  into  two  lateral  portions,  and  with  a  shell 
which  does  not  consist  of  two  lateral  valves,  but  of  a  single,  un- 
symmetrical,  usually  spirally  coiled,  valve,  enclosing  a  visceral  mass 
of  corresjiondiug  form.  There  are,  typically,  two  plume-like 
ctenidia  enclosed  in  a  mantle-cavity,  but  there  may  be  only  one ; 
and  in  air-breathing  forms  ctenidia  are  not  devclopt^,  respiration 
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taking  place  through  the  wall  of  the  mantle-cavity  itself.  A  dis- 
tinct head  bearing  eyes  and  tentacles  is  present  in  the  majority. 
The  foot  is  situated  behind  the  head,  and  usually  has  an  extensive 
flattened  ventral  surface.  The  buccal  cavity  contains  an  odonto- 
phore.  The  nephridium  is  usually  single.  The  nervous  system 
contains  distinct  cerebral  and  pleural,  besides  pedal,  visceral,  abdo- 
minal, and  buccal  ganglia.  The  sexes  are  sometimes  separate, 
sometimes  united.  The  larva  passes  through  trochosphere  and 
veliger  stages. 

Sub-Class  I. — Streptoneura. 

Gastropoda  in  which  the  visceral  commissures  are  twisted  into- 
a  figure  of  8,  and  in  which  the  sexes  are  distinct. 

Order  1. — Aspidobraxchia. 

Streptoneura  with  the  nervous  system  but  little  concentrated : 
the  peaal  ganglia  produced  into  long  cords  with  the  anterior  ends 
of  which  the  pleural  ganglia  are  fused,  the  cerebral  ganglia  wide 
apart,  the  osphradium  little  developed.  The  ctenidia,  nearly 
always  present,  are  plume-like  and  free  distally.  The  auricles, 
and  the  nephridia  are  paired. 

Snb-Cnkr  1. — Dtcoyhssii, 

Aspidobranchia  in  which  the  pleural  ganglia  are  not  connected 
with  the  opposite  visceral  conmiissure.  The  eye  is  in  the  form  of 
an  open  pit,  without  lens.  There  are  two  osphradia,  a  single  jaw^ 
and  no  operculum.     The  visceral  mass  is  conical. 

This  section  includes  the  Limpets  {Fatdlidcc), 

Sub-Order  2. — l\h  ipidoglvssfi. 

Aspidobranchia  in  which  each  pleural  ganglion  is  connecte<I 
with  the  opposite  visceral  commissure.  The  eye  is  a  closed  sac 
and  contains  a  lens.  There  is  nearly  always  a  single  osphradium 
(the  primitive  left),  a  pair  of  jaws,  and  two  auricles  in  the  heart. 

This  sub-order  includes  the  Ear-shells  (ILiliotida),  Trcchns, 
Turbo,  and  others. 

Order  2. — Pectixibran'chl\. 

Streptoneura  with  a  somewhat  concentmted  nervous  system. 
There  is  a  single  osphradium  which  is  ofti-'U  pectinate.  Thf 
primarily  left  ctenidium  and  nephridium  are  alone  deveIo|)ed. 
The  heart  has  a  single  auricle.  The  ctenidium  consists  of  a 
stem  with  a  single  row  of  lamella*,  attached  throughout  its  length 
to  the  wall  of  the  mantle-cavity. 
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iiiiintioiierl.  A  pair  lif  imcad  ganglia  are  cirtiiiefiteil  by  slender 
ner\-L-s  with  the  cerebral.  At  the  base  of  each  osiphradium  is 
usually  a  small  osphradia!  gan(jli(m.  connected  by  a  slender  nerve 
with  the  visceral.  In  all  the  Streptoneura  (Fig.  598).  in  accord- 
ance with   the  displacement  of  the  anus  and  the  coiling  of  the 


Plo   G0§.— DiAgnttunuktic  npnBent&tion  tA  the  diKplaivmeiit  uf  th«  mautldH^BvlIy  And  Mkdduia^ 
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■rmmah^cfU  Amuwem«iit;  In  B,  C,  l>,  u«  npneontod  luccmlTB  fltiif»  irf  duulaceiaeut  of 
tbe  luuitU-rnttty  \o  Che  li^i  and  (orwurdi :  In  B,  ths  uiua  uid  (primulli,-)  Hgbt  i-tsnldlum 
hai'o  nuwd  the  middle  line.    a*,  uiua  :  uorf.  urta ;  nr.  g.  Dcnibrml  HnnKhnn  ;  I.  cttit.  lalt 
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visceral  mass,  the  visceral  cords  are  twisted,  as  already  described 
in  the  case  of  Triton,  into  a  figure  of  8. 

In  Patella  (Fig.  597)  the  peda)  ganglia  give  origin  to  a  pair 
of  elongated  pedal  nerve-cords.  In  Eauotis  and  Fissurella  there 
is  a  similar  pair  of  pedal  coids  which  are  connected  together  by 
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transverse  commissures,  and,  in  the  latter  genus,  join  together 
posteriorly. 

In  the  Euthyneura  (Fig.  599)  except  in 
Acteeon  and  Ckilina,  the  visceral  cords  are  not 
caught  up  in  the  twist  of  the  visceral  mass, 
and  the  crossing  of  the  cords  does  not  occur. 

In  the  Snails  and  other  Pulmonata  (Fig. 
€00)  the  ganglia  of  the  nervous  system  arc 
more  closely  aggregated  together.  A  [lair 
of  cerebral  ganglia  overlie  the  (Esophagus, 
and  below  it  is  a  mass  of  ganglia  in  which 
are  to  be  made  out  a  pair  of  pedal  and  at 
least  two  pairs  of  ganglia  representing  the 
visceral  and  pleural.  A  pair  of  small  buccal 
ganglia  are  connected  with  the  cerebral  by 
means  of  slender  nerves. 

The  organi  of  ipecial  tenie  are  the 
eyes,  the  otocysts,  and  the  osphradia.  In 
nearly  all  cases  there  are  two  cephalic  eyes 
<Fig.  601),  the  position  of  which  has  already 
been  referred  to  in  the  account  given  of  the 
external  characters.  In  structure  they  are 
the  simplest  in  Patella  (>4),  where  each 
consists  of  a  pit-like  depression,  lined  by 
pigmented  cells  connected  with  nerve- 
fibres.  In  the  majority  they  have  the 
structure  described  m  the  case  of  Trltmi. 
In  certain  species  of  OnehUHum,  a  littoral  Piilmonatc,  there  are 
numerous  eyes  of  a  simple  type  scattered  over  the  dorsal  sur&ce. 
this    case     the     optic 


wrebrsftpuufllipn;  oiv)ir. 
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nerve  jjierces  the  retina 
anil  the  cells  of  the  latter 
have  their  free  ends  direct- 
ed away  from  the  centre  of 
the  I've,  as  in  Pecten  (see 
[>.  (i5»)and  the  Vertebrata, 
mstead  of  ton'ards  it,  as  in 
other  Mothisca.  The  in- 
ternal csivity  of  the  eye  is 
iwctipiwl  by  a  nd'ractive 
body  comiMiswl  of  a  few 
large  transparent  cells 
The  otocysU  are  usually 
jilaceil  in  close  relation  to 
the  {H-dal  ganglia,  but  are 
always  innervatwl  from 
the  cerebral.    An  olfactory 


organ  is  present  iii  the  shape  of  groups  of  cells,  in  which  the 
fibres  of  an  olfactory  nerve  terminate,  situated  un  the  tcntaclfs. 
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The  oaphradia  are  prominences,  usually  of  simple  form,  situated 
close  to  the  base  of  the  ctenidium.  In  many  of  the  branchiate 
Streptoneura  (Fig.  602),  as  already  mentioned  in  the  case  of  Triton 
(see  p.  676,  Fig.  576),  the 
right  osphradium,  which  is 
alone  developed,  assumes 
the  form  of  a  pectinate 
body  with  a  central  ridge, 
on  either  side  of  which  is 
ft  row  of  close-set  lateral 
lamina,  and  is  commonly 
termed    the    parabranehia 

^ ^__  from    its     resemblance    ia 

appearance  to  a  gill.  In 
some  cases  it  is  of  even  more  complicated  shape  than  in  Triton, 
owing  to  the  branching  of  the  lateral  ridges. 
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The  nephridia  of  the  Gastropoda  are  dorsally  placed  glandular 
tubes  or  chambers,  which  communicate  internally  with  the  peri- 
cardium, and  open  on  the  exterior  close  to  the  anus,  either 
directly  or  through  a  duct — the  ureter.  Both  right  and  left  neph- 
ridia may  be  present,  though  unequal  in  size,  the  one  situated  to 
the  right  of  the  anus  being  larger  than  that  situated  to  the 
left;  or  the  former  may  alone  be  developed  {Euthyncura).  In  a 
very  limited  number 
of  Gastropoda  the 
gonad  opens  into  the 
nephridium. 

The  sexes  are  separ- 
ate in  nearly  all  the 
Streptoneura,  united 
in  the  Euth}Tieura. 
Special  gonoducts  are 
present,  except  in  one 
or  two  forms  in  which 
the  nephridia  perform 
that  fimction.  In  the 
unisexual  forms  the 
reproductive  apparatus 
is  of  a  comparatively 
simple  character,  con- 
sisting merely  of  a 
racemose  reproductive 
organ,  ovary  or  testis, 
as  the  case  mav  be, 
situated  dorsally  in  the 
visceral  spiral,  with  the 
gonoduct  opc^ning  far 
forwards  on  the  right- 
hand  side,  and,  in  the 
male  a  penis,  which  is 
grooved  longitudinally 
and  non-retractile.  In 
the  hermaphrodite 
forms,  such  as  the 
Pulmonata  (Fig.  603), 
on  the  other   hand,  a 

considerable  degree  of  complexity  is  observable.  There  is  a 
hermaphrodite  gland  (herm.  <//.,  Fig.  G04,  A),  some  of  tht»  follicles 
of  which  produce  ova,  while  others  pnxiuce  sperms,  a  convoluted 
hermaphrodite  duet  {herm.  d.\  an  albumen  gland,  in  which 
the  albumen  of  the  relatively  large  eggs  is  foniuKl,  se|)aratt» 
oviduct  and  spermiduct  leading  to  a  coiniium  genital  ojH^ning. 
In  addition  there  is  a  receptaculum  seminis  (/re.  sem.)  connected 
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Fu».  r.03.— RepHHluctive  orgnuN  of  Helix,  alh,  j/l.  albumen 
gland ;  «'.  j«.  diirt  hjk'  ;  rfa/;.  flagellum  of  the  iwnln : 
htriH.  i/l.  horiuuphnHiito  glund  ;  tunti.  ti.  hcnnaphnxlito 
duct ;  nii>r.  111.  nmoiuM  gland  ;  muc.  ijl.  ap.  ai>erttirefl  of 
luucouH  glnnds  Into  ves^tilnilo  ;  oi*«»/.  uviduoul  part  of  the 
common  duft ;  onl.niK  tii»ertunj  of  oviduct  mt«»  vesti- 
bule; pfn.  iHJuii* ;  )*.*'.  »'tn.  rucvptac*ilimi  iieminiA ;  rcr. 
»tiH.  np.  tti>crture  of  rvcc'pt;u'uhun  MiminUt:  «/>.  if.  Hjtenn 
duct ;  itp.  «r.  Mjienniducal  ixirt  of  common  duct.  (After 
PeUeneer.) 


I,  ot  Helix  hortenaU  (Pul 
ct.    (From  Oogenbaur.) 
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with  the  oviduct,  a  number  of  narrow  accessory  oviducal  glands 
(muc.  g1.),  fitquently  a  glaud  tt;nned  prostate  connected  with  the 
spermiduct,  an  evcreible  sac — the  mc  of  the  dart  (d.  s.) — contain- 
ing a  crystalline  stylet,  and  a  penis  (pen..),  which  is  perforated  by  a 
canal,  and  is  capable 
of  being  retracted  by 
a  special  muscle.  The 
duct  may  be  simple 
or  may  be  incom- 
pletely divided  longi- 
tudinally into  two 
parts.  In  the  Pul- 
mouata  the  first  part 
(henn-ophroditc  duct 
proper)  is  simple,  and 
serves  for  the  passage 
of  both  ova  and 
sperms ;  the  middle 
rart  is  incompletely 
divided  internally  into 
two  passages,  one  serving  as  oviduct,  the  other  as  spermiduct.  In 
the  distal  part  oviduct  and  spermiduct  are  completely  separate. 
Where  the  spermiduct  enters  the  jjenis,  there  is  given  off  a  long, 
slender,  tapering  diverticulum,  the  flagelluw.  (Jlag.).  in  which  the 
sperms  are  made  up  into  elongated  masses  or  spermatophores. 

Derelopment. — The  limpets  (Paldla)  are  exceptional  in  laying 
the  eggs  one  by  one  and  unfertilised — impregnation  taking  place 
in  the  water  after  they  have  been  discharged.  In  almost  all  the 
Gastropoda  fertilisation  is  internal,  and  the  eggs  are  laid  in  great 
masses,  embedded  in  jelly — each  egg  having  its  ovni  hyaline 
envelope.  Very  often  the  mass  of  spawn  consisting  of  the  jelly- 
like substance,  with  the  eggs  embedded  in  it,  attains  a  relatively 
considerable  size.  In  form  it  varies  greatly :  ver>'  often  it  is  in 
the  shape  of  long  strings  which  are  cylindrical  or  band-like :  some- 
time.s  several  such  strings  are  twisted  together  into  a  cord. 
Sometimes  the  spawn  is  fixed  to  sea-weed  or  other  objects ;  some- 
times it  is  unattached,  and  may  float  about  freely.  In  the 
Streptoneura  (Fig.  605),  instead  of  a  jelly-like  mass,  the  eggs  are 
enclosed  in  a  firm  parchment-like  capsule,  in  which  is  contained, 
in  addition  to  the  eggs,  a  quantity  of  an  albuminous  fluid,  serving 
to  nourish  the  developing  embryos.  The  shape  of  the  capsule 
(Fig.  606)  varies  greatly  in  the  different  genera  ;  sometimes  it  is 
stalked,  sometimes  sessile ;  in  some  cases  there  is  a  lid  or  oper- 
culum, the  opening  of  which  permits  of  the  escape  of  the  embryos. 
Very  commonly  large  numbers  of  these  capsules  are  aggregated 
together,  and  usually  they  are  attached  to  a  rock  or  a  sea-weed, 
or  similar  object.     In  many  cases  only  a  limited  number,  some- 
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times  only  one,  of  the  einbryoa  contained  in  the  capsule  become 
developed — the  rest  serving  as  nutriment  for  the  survivors. 

In  the  land  Pulmonata  each  ovum  is  sometimes  embedded  in 
gelatinous  matter  enclosed  in  a  firmer  envelope,  and  a  number  of 
them  are  arranged  in  a  string ;  sometimes  a  large  number  are  em- 
bedded in  a  rounded  gelatinous  mass.  Usually,  as  in  Helix  and  other 
genera,  the  outer  layers  of  the  albumen-like  substance  enclosing 
the  egg  become  toughened  and  impregnated  with  salts  of  lime, 
so  as  to  assume  the  character  of  a  calcareous  shell ;  a  number 
of  such  eggs,  which  are  of  relatively  considerable  size,  are  laid 
in  holes  excavated  in  the 
earth. 

In  a  few  marine  and 
fresh -water  Gastropoda  the 
ova  undergo  their  develop- 
ment in  the  body  of  the 
mother,  enclosed  in  an 
enlargement  of  the  ovi- 
duct which  serves  as  a 
utenis. 

The  egg  contains  a  con- 
siderable Quantity  of  food- 
yolk,  which  may  be  evenly 
tiistributed,  or  a  clear  pro- 
toplasmic and  an  opaque 
yolk-laden  segment  may 
be  distingtiishablc.  There 
is  a  fairly  close  agreement 
throughout  the  class  in 
the  nature  of  the  segmen- 
tation (Fig.  60G).  In  all 
cases  it  is  total,  sometimes 
equal  at  finst,  but  soon 
afterwards  becoming  un- 
equal. The  first  four 
blastomores    are     usually  "" """'■''"■"  ■>'""""  "■••«'■!•-> 

ec|ual  or  nearly  so;    they 

are  so  arranged  that  two  of  them  are  in  contact  in  the  middle, 
and  thus  separate  the  other  two:  thr  line  of  contact  of  the 
former  pair  becomes  the  tntnsverse  axis  of  th*'  embryo. 

From  the  four  lirat-formed  cells  four  small  colls — mierotnttrs — 
become  con3tricte<l  off,  the  larger  cells  being  the  megawerct ; 
then  four  more  micromerea  are  constricted  off,  and  again  the 
same  process  is  repeated.  The  embryo  now  cimsi.sls  "f  the  four 
megameres  and  twelve  micromert-s.  The  hitter  then  increase  by 
division  and  fomi  a  cap  of  small  cells  (ectixionni  on  the  surtiice  of 
the   mogaineres.     The   whole  process,  as   will  bo    noticKi,  has  a 
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remarkably  close  resemblance  to  the  process  of  segmentation  of 
the  ovum  of  a  Polyclad  as  described  on  p.  257. 

The  megameroa  then  give  off  internally  four  small  endoderm 
cells,  and  from  one  of  these  (endontesoelerm  cell)  are  formed  two 
primitive  mesoderm  cells,  from  which  the  ceils  of  the  mesoderm 
are  developed  The  megameres  themselves  eventually  become 
converted  into  endoderm  cells.  A  segmentation-cavity  is  de- 
veloped between   the   micromeres  and  the  megameres,  and    the 
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result  is  the  formation  of  the  blastula,  one  side  of  which  (vegetal 
pole)  is  greatly  thickened  owing  to  its  consisting  of  the  huve 
megameres,  the  opposite  side  (animal  pole)  being  made  up  of  tne 
micromeres.  This  may  become  a  gastrula  by  epiboly  or  over- 
growth of  the  ectoderm  over  the  megameres,  or,  if  the  segmentation- 
cavity  is  of  considerable  size,  an  invagination  t&kes  place. 

The   two  larval  stages,  the  trochosphere  and  the  veliger,  are 
characteristic  of  the  development  of  the  Gastropoda.     The  former 
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is  most  typically  developed  in  Patella ;  in  other  Gastropods  it 
undergoes  more  or  less  modification.  In  Patella  (Fig.  607)  there 
is  a  ciliated  blastula  (A)  which  has  on  one  side  the  large  megameres. 
The  latter  become  enclosed  by  the  micromeres,and  the  foundation 
of  the  mesoderm  is  laid  in  the  manner  already  described.     The 


sAjfl 


...    ...— Birllu-ituei  lu  the  deTeloimietit  of  PatallB.    ...    . 

dflmul  iDTHtftiutkiD  ;  C.  comjtlctUni  of  K*Atn^  •  '^  fn>iit4]  ^vi 
nfi.  pi.  iplcAl  pktc  ;  U.  bLiubfpore  :  oi-fM.  flrxdomwiudumi  i:tU 


Il*td«r,  afUr  PatUn.) 


blastopore  is  situated  at  the  vegetal  pole,  destined  to  become 
the  hinder  end  of  the  larva.  The  blastopore  soon  changes  its 
position  and  extends  forwards  on  the  ventral  side,  and  a  ciliated 
ring — the  prototroeh  or  future  velum — becomes  formwl.  Subse- 
quently the  position  of  the  blastopore  becomes  still  further 
snifteci;  it  becomes  U-shaped  and   then  slit-like.     It  undergoes 
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eloDgfttion  (Fig,  608,  A)  and  eventually  becomes  partly  closed  up, 
the  closure  taking  jilace  from  behind  forwards ;  the  most  anterior 
part  remains  opeu  to  form  the  mouth,  or,  perhaps  more  correctly, 
there  ia  in  the  position  of  the  anterior  part  a  sinkiug-in  of  the 
ectoderm,  which  pushes  the  blastopore  inwards  and  forms  the 
rudiment  of  the  stomodteum.  The  originally  solid  mass  of  , 
endoderm  develops  a  lumen,  and  its  cells  become  arranged  to 
form  the  enteric  epithelium.  From  the  posterior  end,  where 
the  mesixlerm  cells  are  situated,  proceed  two  very  rc-gularly 
formed  mesoderm  streaks  (Fig.  608.  £).  On  the  dorsal  surface 
the  shell-glaud  has  already  appeared  as  a  pit  lined  by  elongated 
ectoderm  cells ;   on  the   surface   of  this  appears  the  embrj'onie 
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shell.     The  rudiment  of  the  foot  (Fig.  608,  A)  appears  at  a  re- 
markably early  stage  as  two  protuberances  lying  on  the  ventraJ 
side  of  the  posterior  end  of  the  larva  at  the  sides  of  the  blastopore;  ^ 
these  coalesce  to  form  the  median  foot. 

The  larva  [Fig.600)  hasnow  assumed  the  trochosphere  form.  The 
pras-oral  part  ia  large  and  convex,  with  an  apical  plate  on  which  is  J 
borne  a  bunch  of  long  cilia,  and  near  it  two  small  c dialed  elevations,  < 
each  consisting  of  a  single  cell.  The  pne-oral  part  of  the  larva 
then  becomes  much  flattened,  and  the  apical  plate  (ap.pl.)  increases  I 
in  size  and  importance.  At  the  postenor  end  is  a  Ixmch  of  cilia  , 
which  are  borne  on  two  special  large  cells,  the  asMi/ M//s(an.e.)-  The  ■ 
embryonic  shell  becomes  saucer-shaped.  A  slight  ridge  in  the  J 
neighbourhood  of  the  shell  represents  the  border  of  the  mantle.  ' 
The     mid-gut   {inesi'itt)    has    become    considerably    widened : 
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diverticulum  from  it  becomes  recognisable,  this  after»-anU  o|x>ns 
on  the  exterior  to  fonn  the  anua  A  diverticulum  of  the  foiv- 
gut  {rod,}  at  the  same  time  forms  the  rudiineiit  of  the  ruIhW 
sac.  The  otolith-sacH  appear  as  depressions  of  the  eotixlenn  at 
the  sides  of  the 
mouth :  these  grow 
inwards  and  become 
sac-like,  subsequent- 
ly Ijiug  at  the  sides 
of  the  foot,  which 
has  meantime  at- 
tained a  considerable 
size. 

The  trochospherc 
stage,  which  is  so 
well  marked  in  the 
case  of  Patella,  oc- 
curs in  other  Gastro- 
pods, though, asa  rule, 
presenting  modihca- 
tiona  perhaps  trace- 
able to  the  enclosure 
of  the  embjTo  in  an 
egg-shell  and  to  the 

presence  of  much  f-,„.  ,«,,...L«,„r  .r,H.i,«.,.iH.n, , j  l.™  ^t  putfi*  m  i.«,«f. 
tbod-yolk.     The  his-  t.i.ii.>^  «i..|™.  .,„.  r.  ^  «iu  wtih diu:  -p.  ,w  .H'--^ 

torj'of  the  blastopore  i«i.ninuth:  ™l.  m.lliiioiit  .rf  ni.li.la  »r ;  »».  dwU.  (ttoiu 

is  not  the  sameinall  K„«.h«it«.,nM,i„..f,or.-*,u..,., 

cases;    in  some,  the 

mouth  is  developed  from  its  anterior  portion :  in  others  the 
stomodseal  invagination  arises  after  its  (■<)iii])tcte  ciosuri'.  In  most 
of  the  Uastropuda  the  pr.e-onil  eiivlet  or  vclmu  (Fig.  l!10,  iW.> 
undergoes  a  development  not  observable  in  the  IViecyiMHl  embrjo. 
and  becomes  greatly  extendetl  as  a  bilobcd  flap,  the  strong  cilia 
with  which  it  is  bordert'd  rendering  it  a  very  efficient  i)rgsiii  of 
locomotion  for  the  larva.  With  the  full  di'velopment  of  the  velum 
the  larva  passes  into  the  Veliger  stage  (Fig.  tHO).  In  this  stage 
the  shell  (sA.)  increa.ses  in  size,  loses  its  sinipli-  liinn,  an<l  iK'gins 
to  develop  a  spiral.  A  cleft-like  depression  in  the  Iwnier  of  the 
mantle  on  the  right-hand  side  forms  the  nuliment  of  the  mantle- 
cavity  in  which,  later,  the  gills  are  deveioix-*!.  The  anus  when 
it  firat  ap]>earB  is  svTiunetrically  piacetl,  but  later  bei-omes  shiftetl 
to  the  right  side  anil  forwanls  as  well  iw  dorsally.  The  f.n.t  (/> 
may  attain  a  considerable  development  during  the  Veliger  stage. 
On  its  jMwterior  and  dorsal  ]Mirt  ap]iears  the  ii|H'rciiluui.  Two 
little  proces.ses  on  the  velar  area  develop  into  the  tentacles  {tent.), 
and  the  eyes  (cy.)  appear  at  their  bases.     .\s  the  foot  and  other 
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}  advance  in  development  the  velum  decreases  in  size  and 
gradually  aborts.  In  some  cases  a  portion  of  it  pei-sists  as  the 
subtentaciilar  lobea  or  labial  tentacles  in  the  neighbourhood  of 
the  mouth. 

In  the  Pulmonata  the  velum  is  not  well  developed,  except  in 
Onchidium,  though  the  trochosphere  stage  is  well  marked. 

The  young  Gastropod  is  at  first  bilaterally  symmetrical;  the 
prevailing  asymmetry  is  the  rejsult  of  unequal  growth  of  the  two 
sides  of  the  body.  In  the  majority  of  cases  it  is  the  left  side  that 
grows  more  actively  than  the  right,  a  result  of  which  is  that  the 
posterior  parts^the  anus  and  the  parts  surrounding  it — are  dis- 
placed forwards  towards  the  right,  the  space  between  the  anus  and 


» 


the  mouth  on  that  side  undergoing  little  or 
In  the  Opisthobranchia  and  the  Pulmonata  the  anus  with  the 
mantle-cavity  and  its  contents  become  displaced  forwards  to  the 
neighbourhood  of  the  anterior  end ;  in  the  8treptoneura  the 
anus,  etc.,  in  their  displacement  forward  pass  beyond  the  middle 
line,  one  of  the  most  striking  effects  of  which  is  the  crossing  of  the 
p leu ro- visceral  commissures,  already  referred  to  {p.  694). 

Ethologr  aad  Distribution — Only  a  few  abeiTant  families  of 
Gastropoda  are  parasites.  Most  are  aquatic,  all  the  most  primitive 
forms  being  inhabitants  of  the  sea.  Of  the  marine  hmilies  the 
majority  move  by  creeping  over  the  sea-bottom,  some  burrowing 
in  raud  or  sand,  some  in  solid  rock ;  some  are  able  to  float  in 
a  reversed  position,  adhering  to  frothy  mucus   secreted  by  the 
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glands  of  the  foot;  certain  exceptional  fonns  such  as  Vermel  us 
are  fixed  in  the  adult  condition  by  the  substance  of  the  shell. 
A  few  families — the  Heteropoda  and  the  Pteropoda — are  specially 
modified  for  a  pelagic  mode  of  existence,  and  swim  through  the 
water  by  flapping  movements  of  the  lobes  of  the  foot,  which  act 
as  fins.  Gastropods  are  found  at  considerable  depths — up  to 
nearly  3,000  fathoms — in  the  ocean.  Many  fonns,  however,  are 
inhabitants  of  fresh  water,  while  manv  Pulmonata  are  terrestrial, 
and  occur  even  towanls  the  summits  of  the  highest  mountanis. 

Fossil  Gastropoda  are  known  from  almost  the  earliest  fossil- 
bearing  rocks,  and  all  the  major  divisions  of  the  class  are  rejm*- 
seiited  in  formations  of  palaeozoic  age. 

The  mutual  relationships  of  the  various  groups  of  OastroixKia 
are  shown  in  the  following  diagram  (Fig.  611): — 


P\»typods    H•^tro^oda 


PulmonafA 

Ticfibranchia 

Nudibranchia 


Phi^idoglotta 

Oocogloasa 


Sca^hopodd 


Fio.  Cll. — Viugrasn  to  ilhiHtmtv  the  reLiti<'if«hi|i>4  of  the  (i.iHtV'\»nL\. 


APPENDIX  TO  THE  GASTROPODA. 

A.    CLASS  IV.-  SCAPHOPODA. 

The  Scapho|XMla  or  Klephant'tt  tu»k  hHc'IIh  un  lilMrmnt  marine  Mfillimc^ 
compriaing  only  three  genera — iJt^utnJiurn^  Sijthonffil*  nfa/in/n,  an<l  Pult^ltum.  The 
bocly  is  elongated,  so  as  to  Im.* 
almost  worm-like,  with  complete 
bilateral  symmetry.  The  mantle- 
folds  are  almost  completely  unite*! 
to  form   a  cylindrical    tulie  en- 

•  

closetl  by  the  shell  (Fig.  012), 
which  is  in  the  form  of  a  tlelicate, 
ciir\'ed  tube,  open  at  lK>th  ends 
and  wider  at  one  end — the  ante- 
rior or  oral — than  at  the  other 

The  foot  (Fig.  613.  f\  in  narrow.  trilr»lie*i  at  tli*-  ♦•\ti»-iiiii\ .  *-A\n%\i\t:  *,i  U-m;:  pr«» 
tmded  through  the  oral  oin'Uiim  f»i  lli«*  *h«ll.  aii'l  ii-*r'l  for  hnrrowm;;  in  -.iii'i. 
The  moath  is  situate«l  on  a  -hort  oral  prol»«»«»«i-.  :iiiil  i-  -<>f ij#-» iin*-*  »»iirr*'iihiU-i]   hy 

VOU  1  z  z 


■  >^ 


Vvi.  *'•  1 1.  -  PentaHtint ,  !•  i.^t*- -1:1.  •!    -"*ii.    "f 


lobed  proceBBei  or  pinnate  palpi.  Further  bauk  are  u  pair  of  tentaciiliferoa*  lobes, 
eAcli  bearing  a  Urge  number  of  filiform  tenCatiles.  which  are  prolubly  respiratory 
in  function.  The  moutli  leads  intu  a,  buccal  cavity 
uontaining  an  odoiitojihore.  Connected  with  the  nieien- 
teron  ie  a  Urge  bilobed  liver  (/.).  The  anus  U  aituated 
ventrally  behind  the  txue  of  the  fool.  The  vaacuUr 
Bj'stetn  ia  extremely  aiiople,  coneistuig  of  biiiuhis  without 
ilaftiiite  walU,  and  there  is  uo  distinct  heart,  though  in 
the  neighbuurhiHul  of  the  rectum  tliere  is  a  specially 
contractile  part  of  the  principal  sinus.  Two  nephridik 
open  nenr  the  anus,  the  right  one  acting  as  a  gonoduct, 
the  left  (i)  entirely  renal  in  function.  The  sexes  »re 
distinct.  TiiiU'e  is  an  elongated  unpaii'eil  gonad  (;;), 
divided  liy  Uteral  incisions  into  a  numlier  of  lr)l)eB, 
occupying  all  the  posterior  anil  dorsal  parts  of  the  body. 
Anteriorly  it  narrows  to  form  a  duct  opening  into  the 
right  nephridium. 

The  nervous  system  consists  of  paired  cerebral,  pleural, 
pedal,  and  visceral  ganglia, ;  the  cerebral  gauglU  are 
aitua[«d  close  together.     There  ant  no  eyes  or  otucyats. 

In  the  gaatniU  stage  the  embryo,  which  a  provided 
with  cilia,  becomea  free.  Tlie  ciliateil  cells  are  arranged 
in  a  characteristic  manner  in  three  rows  which,  at  first 
situated  close  together  abont^e  middle  of  the  body, 
liecome  shifted  at  a  later  stage  nearer  the  apical  pole, 
iiud  amalgamated  into  a  broad  band  representing  the 
prte-oral  circlet  of  oilier  moUuscan  lame  ;  at  the  same 
time  a  hunch  of  cilia  previously  developed  at  the  apical 
pole  becomes  more  conspicuous,  and  a  considerable  part 
of  the  general  suifoco  l)eoomes  covered  with  more 
delicate  cilia.  The  bUstopoi-e,  at  first  terminal,  beoomea 
shifted  forwards  on  tlie  ventral  surface  until  it  cornea 
to  be  immediately  liehind  the  ciliated  circlet.  At  ita 
anterior  end  an  invagination  gives  rUe  to  the  mouth  and 
BtomodiEuni. 

The  larva  (Fig.  614)  ts  now  attaining  the  stage  of  a  trochosphere   m  which 
liowevar,  both  apical  plate  and  primitive  iiephridia  are  waiitins       \  shell  gUnd 
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n  the  rudiment  of  the  shell     The  poet^oral  region,  at  fint 
I,  soon  undergoes  an  increa-te,  until  it  forms  eventually  by 
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far  thfc  liHigeat  part  of  the  hmly.  while  tlie  iirii;-omI  region  aliiirist  completely 
aborts.  When  the  poat-oral  region  has  ntlaineil  a  tertaiii  size,  there  are 
ilevelupei)  on  it  two  lateral  folils,  tlic  rudimentn  of  the  mantle  (B),  Mliich  grow 
inwariU  towanla  the  miihlle  ventral  line,  anil  Inter  on  nnite  by  their  tree 
margins.  The  pne-oral  circlet  or  velum  changen  its 
form  at  lirst  it  is  conical,  Uter  it  1>euomes  plate- like. 
aoil  then  groilually  liecomes  reiluccil,  the  lart-u  Kinking 
to  the  bottom,  ami  though  still  occoaionally  swim- 
ming with  the  aiil  of  the  velum,  coming  to  use  tlie 
foot  an  a  creeping  organ.  Tlie  shell  now  increases 
in  size  step  by  step  with  the  growth  of  the  mantle, 
and  lienils  round  the  body  of  the  larva  until  itii  eilges 
meet  and  coalesce  in  the  ventral  median  line.  Later 
it  oasumea  the  elongated  conical  form,  curveil  towarda 
the  iloraal  side,  characteristic  of  the  oilulL  The  font 
at  the  same  time  elongates  anil  takes  on  the  character- 
istic three- lolieil  shape. 


B.   RHODOPP, 

Rhodope  (Fig-  014.  hit)  is  a  minute,  elongateil, 
fusiform  animal,  ciliated  externally  with  complete 
(external)  bilateral  aymmetry.  There  is  no  ahell,  but 
within  the  liDdy.wall,  in  the  parenchyma  between  it 
And  the  enteric  canal,  are  numerous  irregularly  shape<l, 
calcareous  spicules.  There  are  no  jawa  or  oiloiito- 
phore.  The  enteric  canal,  whicli  is  a  narrow  tulie, 
consisting  o(  buccal  cavity,  with  salivary  glandii, 
letiophaguH.  miil-gut.  with  a  ciecuui,  awl  rectum, 
opens  in  an  anal  aperture  situated  to  the  right  of  the 
posterior  extremity  of  the  boily.  A  liver  is  alHwnt. 
The  central  part  of  the  ner^'oua  aysteni  consists  of 
two  ganglia  situated  cloae  together  above  the  leBo- 
phsgus,  and  a  single  ganglion  lielow.  A  pair  of  lateral 
nerve  conla  nm  liackwanls  from  the  posterior  of  the 
two  upper  pairs  of  ganglia.  1'liere  are  a  |iair  of  eyc!> 
anil  a  pair  of  otocysts  situateil  cloee  to  the  ]iostet  ior 
npper  ganglia. 

The  nephridial  system  coiinixts  of  a  chainlx-'r  ojien- 
ing  on  the  right  side  in  front  of  the  aiiUK  ;  into  tliis 
«pen  nine  or  ten  tlask-shapeil  Hame-cells  Kiniilnr  to 
those  of  the  Plat-wonns. 

There  are  no  blooil-vesselii,  nnil  »|>ecinli)>ed  oigaiiH 
of  reapiration  are  also  absent. 

The  sexes  are  united.  The  gonails  connial  of  iilnxit 
twenty  ventrally  situated  masscH  of  celU,  the  nuteriiu 
lieing  ovaries  an<l  the  posterior  testes.  There  is  a 
commoD  duct  receiving  the  proilutts  of  oil  the  gnnailg  : 
anteriorly  this  diviiles  into  sficnniiluct  and  nviduc: 
with  separate  apertures  situateil  on  the  right  siile,  the 
Bpermiduct  with  a  niuscuUr  penis,  the  oviiluci  with  a 
receptaculum  seiiiinis  and  an  accessory  gland. 

There  is  no  metamorphosis,  and  the  larva  is  nut  p 
any  representatives  of  either  shellglaml  or  f<K>l. 

Though  the  octuirence  of  fUme-celU  is  uni.;u.-  the 
Rhoilope    is     best    reganled    as    a    degenerate    nicnilicr    of 
probsbly  finds  its  nearest  relatives  among  the  <ui>-(ii>]h>1ii. 


I  1>e  little  duid't  that 
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Class  v.— CEPHALOPODA. 

The  ft;2^Aa/o^orf«,  including  the  Cuttle-fishes,  Squids,  Octopi,  and 
Nautili,  are  marine  Mollusca  of  a  high  grade  of  organisation. 
There  is  a  very  definitely- formed  head,  bearing  a  pair  of  highly- 
developed  eyes,  and  surrounded  by  the  anterior  portion  of  the  foot, 
modified  into  arms  or  tentacles.  The  body  is  bilaterally  symmetrical. 
The  posterior  part  of  the  foot  is  modified  to  fonn  a  funnel  leading 
out  from  the  large  mantle-cavity.  A  shell  is  sometimes  present^ 
sometimes  absent.  When  present  it  is  usually  internal,  but 
sometimes  external  and  in  the  Nautili  is  capable  of  containing 
the  body  of  the  animal. 


1.  Examples  of  the  Class. 

i.    The    Cuttle-Fish   (Sepia.^). 

Cuttle-fishes  are  marine  Molluscs,  which  live  usually  at  a  depth 
of  a  few  fathoms,  but  often  come  into  shallower  water,  and  are 
frequently  caught  in  the  trawl  or  the  seine.  The  animal  arrests 
attention  when  compared  with  Unio  or  Triton  by  the  strength, 
and  more  particularly  by  the  rapidity,  of  its  movements ;  by  the 
possession  of  a  pair  of  eyes  resembling  in  size  and  complexity 
those  of  a  Fish ;  and  by  various  other  features,  all  pointing  ta 
a  higher  grade  of  organisation  than  is  attained  by  the  members 
of  the  classes  of  Mollusca  dealt  with  in  the  preceding  pages. 

External  Features. — The  Cuttle-fish  (Fig.  615)  has  a  distinct 
head,  bearing  ten  long  arms,  and  a  pair  of  large,  highly-developed 
eyes.  The  head  is  connected  with  the  body  by  a  constricted 
region  or  neck.  The  trunk  is  elongated  and  shield-shaped,  the 
base  of  the  shield  being  towards  the  head.  The  long  axes  of 
head  and  tnmk  are  in  line  ^vith  one  another.  Not  only  the  head, 
but  also  the  trunk,  are  completely  equilateral,  in  which  respect 
there  is  a  marked  contrast  to  Triton  ;  and  this  symmetry  extends 
to  most  of  the  systems  of  internal  organs.  The  free  extremity  of 
the  head  bears  the  mouth,  and  is  termed,  accordingly,  the  oral 
extremity,  the  opposite  extremity,  the  apex  of  the  shield-shaped 
body,  is  the  ahoral  end.  The  surfaces  of  the  shield  are  antemor 
or  anterO'dorsal  and  jwsteHor  or  postero-ventral,  its  borders  right 
and  left.  The  anterior  surface  is  to  be  distinguished  by  its  darker 
colour,  and  by  the  firmness  of  the  body- wall,  due  to  the  presence 
in  this  position  of  a  hard  internal  shell. 

^  Most  of  the  figures  Iiave  reference  to  a  common  Australian  species — S.  cultrafa 
— hut  the  differences  l)etween  the  various  species  of  the  genus  are  slight  anil 
unimportant,  and  the  description  given  wiH  apply  fairly  well  to  any  other 
species. 
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The  aperture  of  the  mouth  is  surrounded  by  the  bases  of  the 
ten  finns.  These  are  in  pairs,  situatetl  to  the  right  and  left  of  the 
median  plane.  AH  of  them,  with  the  exception  of  the  fourth  pair 
<the  most  anteriorly  situated  pair  being  reckoned  as  the  first),  are 
stout  at  the  base  and  taper  towards  the  extremity.  When  extended 
they  are  about  two-thirda  of  the 
length  of  the  body.  The  outer 
surface  of  each  {i.e.  that  turned 
away  from  the  mouth)  is  strongly 
convex,  the  inner  Hat.  and  beset 
throughout  its  length  with  a 
number  of  suckers  (Fig.  (il6), 
which  are  arranged  in  four  longi- 
tudinal rows.  Each  sucker  is  in 
the  form  of  a  shallow  cup,  sup- 
ported on  a  short,  thick  stalk  (st.). 
The  lip  of  the  cup  is  membran- 
ous, and  immediately  within  it 
isanarrow,  homy  rim  ((fen(.).  In 
the  middle  of  the  bottom  of  the 
cup  is  a  thick  plug  or  piston  (pi.), 
which  is  capable  of  being  drawn 
downwards  by  the  contraction  of 
muscular  fibres  inserted  into  it, 
the  effect,  when  the  rim  of  the 
sucker  is  in  contact  with  some 
solid  object,  being  to  create  a 
partial  vacuum  in  the  cavity, 
resulting  in  finn  adhesion,  owing 
to  the  pressure  of  the  surround- 
ing water.  The  fourth  pair  of 
arms,  usually  known  as  the  /(»- 
tacks,  are  counjamtively  hmg 
and  nam)w,  and  provided  with 
suckers  only  towards  their  free 
ends,  which  are  somewhat 
thickened  and  clublike.  In  the 
male  the  filth  ami  on  the  lett 
side  present"*  a  slight  uKxIifica- 
tion,  some  of  the  suckers  being 

absent.  This  is  an  in<lication  of  a  change  lernu-il  hichKU;ilis>Uioa, 
which,  as  will  be  pointed  out  in  the  general  account  ..t^  the  clajw, 
assumes  in  si>me  cases  a  ver}-  remarkable  characU-r.  From  their 
nerve-supply  the  arms  of  Sepia  prov.-  to  be  the  eipiivalents  of 
the  fon'-foot  of  Triton,  which  here  becomes  extendeil  to  the  n-gion 
of  the  head,  and  divided  into  a  series  of  processes  or  arms 
encircling  the  mouth. 


-Bepla  cnltTBta. 
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The  trunk  is  covered  tjver  by  the  thick  integiiment  of  the  irianile, 
which  terminates  toward  the  oral  end  in  a  ndge  round  the  neck. 
Anteriorly  this  ridge  projects  as  a  prominent  rounded  lobe  under 
cover  of  which  the  head  can  be  partially  retracted.  Posteriorly  it 
forms  the  posterior  Hp  of  the  opening  of  a  large  cavity  bounded  by 
the  mantle — the  inanilt-cavity — which  extends  along  the  entire 
posterior  face  of  the  body  almost  to  the  apex.  The  wide  cleft 
between  the  oral  edgt-  of  the  mantle  and  the  posterior  surface  of 
the  body  is  not  the  only  aperture  leading  into  the  mantle-cavity. 
On  the  oral  side  of  this  cleft  is  a  large  tube^ — the/wnTwi  (Fig-  621, 
inf.) — opening  on  the  exterior  behind  the  neck,  and  internally 
communicating  by  a  wide  ajwrture  with  the  mantle -cavity.  The 
cleft  is  capable  of  being  almost  completely  closed  by  the 
ajjposition  of  a  pair  of  oval  projections  {ma'Ot.  tart.)  of  the 
inner  surface  of  the  posterior  mantle  wall  near  its  oml  border, 
and    a    [>air    of  concii\e    depressions    (inf.    cart.)  on  the  opposite 


ctenl 


mngnlGed  ;    mr.  uHlil 


(After  Vogt  u 


.  aUlk:  B,  TcrtlwlM 


(posterior)  face  of  the  funnel.  The  funnel  is  thus,  under  ordi- 
nary circumstances,  the  main  outlet  of  the  mantle-cavity. 
As  such  it  not  only  carries  to  the  exterior  the  effete  water 
of  respiration,  the  ftecal  matters  from  the  intestine,  and  the 
products  of  the  excretoiy  and  reproductive  organs,  but  also 
takes  an  important  part  in  locomotion,  the  most  important 
movements  of  the  Cuttle-fish,  by  which  it  darts  rapidly  tnrough 
the  water  in  the  direction  of  the  aborai  pointed  end  of  the  body, 
being  effected  by  rhythmical  contractions  of  the  muscular  walls  of 
the  mantle-cavity  causing  jets  of  water  to  be  forced  in  the  oral 
direction  through  the  funnel.  The  free  passage  of  water  inwards 
through  the  fiinnel  is  prevented  by  the  presence  in  its  interior  of 
a  riap-like  valve  opening  outwards.  The  water  required  for  re- 
spiration and  in  locomotion  is  thus  drawn  in,  not  through  the 
funnel,  but  through  the  parti  ally-closed  slit-like  pallial  aperture 
pi-eviously  referred  to.     The  funnel  seems,  from  the  source  of  the 
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nerves  which  supply  it,  to  be.  like  the  anii»,  a  specially  modified 

]>art  of  the  foot ;  it  corresponds,  perhaps,  to  the 

inetapodiuni  of  Triton, 

Fringing  each  lateral  margin  of  the  body  is  a 

thin  muscular  fold — the  jin — which  is  used  as  a 

swimming  organ. 

The  anterior  wall   of   the  body  exhibits,  as 

already  mentioned,  a  hani  and   resistent  char- 
acter owing   to    the  presence   of  the    internal 

ihell  (Fig.  617).     This  is  completely  enclosed 

in  a  sac  of  the  mantle.     Like  the  body  itself, 

it  is  bilab^rally  symmetrical.    In  shape  it  may 

be  described  as  leaf-like,  with  a  rounded  and 

comparatively  bnwid   onil   end,  ami  a  namiwer 

aboral,  provided  with  a  shar]),  anteriorly-] iiiiject - 

ing  jgrniir.     The  jKisterior  surface  is  convex,  the 

anterior  omvex  towards  its  ond  end,  but  deeply 

concave  almrally.  and  bounded  laterally  by  thin 

prominent  wing-like  ridges  which  converge   to 

meet  at  the  aboral  extremity.     The  main  mass 

of    the    shell    consists    of    numerous,    closely- 
arranged,  thin  laininie  of  calcareous  composition, 

between  which  are  intersmccs  contaiinng  gas. 

On  the  surface  is  a  thin  layer  of  chitinoid  material,  ami  slightly 

thicker  strips  of  similar  composition  nm  ahmg  the  margins. 

The  living  Cuttle-fish  wdl  be  obsened  to  undergo  frequent 
changes  of  colour,  and 
blushes  of  different  hues  are 
to  be  obser^eil  passing  over 
the  surface.  These  are  due 
to  the  pn.>sence  of  numer- 
ous contractile  pigment-con- 
taining cells  or  chromato- 
phores  (Fig.  018)  situated 
in  the  deeiK-r  layers  of  the 
mtegument  over  the  entire 
surtiiee.  The  chromatophores 
have  ela,-itic  walls,  the  cim- 
tractint;  tendency  of  which 
is  caitaole  of  being  coimt<T- 
acte<l  by  the  acti<in  of  bun<lles 

Flo.  eis.-c-hn>niiit.>|.ii.>Tv  -1  ■•pik,  iiiw"'H«>-       "f  nniscular  tibres  radiating 

™;:««y'^ui(r«'..™n*o'f',''jr-;.iJ!^{Afi«       outwanls   fn.m    the  wall    of 

\«,t< ""1  J""*)  the  siK-  into  the summnding 

tissiie.«.     When  these  nuUat- 

ing  fibres  are  in  action  the  wall  of  thi'  chromati>phore  is  drawn 

outwards  in  diften-nt  directions,  and  as  a  n-sult  its  cavity  is  <lilated. 
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and  the  pigment  becomes  more  widely  diffused.  When  the  fibres 
are  relaxed  the  elasticity  of  the  wall  comes  into  play,  and  the 
chromatophore  contracts,  the  contained  pigment  thus  assuming  a 
more  condensed  form.  A  pecuhar  iridescence  which,  in  addition 
to  the  play  of  colours,  is  recognisable  in  the  integument  of  Sepia, 
is  due  to  the  presence  of  a  number  of  cells,  the  ii-idocysix. 

When  the  mantle-cavity  is  laid  oiien  (Fig.  621)  there  is  seen 
on  each  side  of  it  one  of  the  two  plume-shaped  ctenidia  (den.). 
In  the  middle  line  of  the  posterior 
surfiice,  close  to  the  internal  open- 
ing of  the  funnel,  is  the  anal  nper- 
tmt  {an.),  situated  at  the  oral  ex- 
tremity of  a  longitudinal  tube — 
the  rectum.  On  either  side  of 
the  rectum  is  a  much  narrower 
projecting  tube  with  a  terminal 
opening — the  nephi-idial  aperture 
(juph.).  On  the  left-hand  side  is 
the  opening  of  the  spermidnct  or 
oviduct  (ovid.)  as  the  case  may  be. 
In  addition  to  the  shell,  which 
is  an  important  protective  struc- 
ture, and  gives  support  to  the 
muscles  of  the  fins,  Sepia  also  has 
a  remarkably  well  developed  In- 
ternal skeleton  composed  of  cavtihtffe.  An  imjHfrtant  part  of 
this — the  cranial  carlHant  (Fig.  619) — pn>tccts  the  principal 
nene  centres,  t'ncloses  the  auditorj'  organ,  and  gives  support 
to  the  eyes.  Other  cartilages  support  the  bases  of  the  arms. 
A  thin  shield-shaped  plate — the  nvciud  cartilage  (Fig.  620) — 
lies  on  the  posterior  surface  of  the  neck.  The 
pair  of  elevations  on  the  posterior  wall  of  the 
funnel  and  the  corresponding  depressions  on  the 
anterior  surface  of  the  body  are  bome  each  on 
a  thin  plate  of  c;»rtilage,  and  thin  csirtilages 
support  the  bases  of  the  fins. 

Alimentary  Syitem. — The  mouth  is  sur- 
rounded by  a  thin  peristc-miid  membrane,  within 
which  is  a  circular  lip  beset  with  numerous 
minute  elevations.  Lodged  within  the  circular 
lip  is  a  pair  of  powerful  homy  /((ws  (Fig.  622, 
Fig.  623, >«('-■  \>ir';  Fig.  624,/;  Fig.  6-2G,  jaw).  Thes 
somewhat  the  appearance  of  the  jaws  of  a  parrot,  with  one, 
the  posterior,  larger  and  more  strongly  bent  than  the  other, 
which  it  partly  encloses.  The  mouth  leads  into  a  thick-walled 
buccal  cavity,  which  contains  an  odontophore  bearing  numerous 
minute  homy  teeth.     The  (esophagus    (Figs.   623  and   624,  <e. : 


have 


PHYLUM  MOLLUSCA 


Fig.  626,  KS.),  following  on  the  buccal  cavity,  is  n  narrow 
straight  tube,  which  runs  between  the  halves  of  the  liver  towanis 
the  aboral  end  of  the  body.  It  opens  into  a  rounded  thick-walled 
stomach  (si.),  and,  close  to  the  pyloric  aperture  leading  from  the 


•HvMod  Hkiiii 
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latter  into  the  intewtini'  o]u'ii»  a  wide  •trcuin  ('-,).  The  altiuentury 
canal  at  this  ]K)int  l>t'n<ls  shaqily  nmiid  u|ma  itself.  ;mil  the  in- 
testine runs  nearly  |ianillel  with  the  ivsoiihagiis  t>i  o[Kn  into  thf 
inantle-cavity  as  already  deseribwl. 

A   pair   of  glands   (Fig.  U"2+,  a.  j. ;    Fig.  (iifi,  s"l.).  which  are 
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commonly  leaned  salivary,  though  their  ftmctionai  cnnx'spondeueo 
with  salivarj"  glands  has  not  been  proved,  are  situated  in  the 
head  behind  the  cranial  cartilage.  The  ducts  of  these  two  glands 
run  inwards  and  unite  to  form  a  median  duet,  which  opens  into 
the  buccal  cavity.  The  name  of  livtr  {Fig.  624.  tl. ;  Fig.  62U,  liv.) 
or  digestive  pland  is  given  to  a  large  brown  glandular  mass 
which  extends  from  toe  neighbourhood  of  the  salivary  glands 
nearly  to  the  aboral  end  of  the 
bf)dy.  It  consists  of  two  com- 
pletely independent  right  and 
left  portions,  each  of  which  has 
a  bile  duct  opening  into  the 
cavity  of  the  alimentary  canal 
opposite  the  jwint  where  stomach, 
csecuni,  and  intestine  meet.  Sur- 
rounding the  bile-ducts  and 
iijwning  into  them  are  masses  of 
minute  vesicles  (Fig.  624,  fe,  (£.); 
the  secretion  of  these  has  the 
property  of  converting  starchy 
matters  into  sugar;  they  some- 
times, though  without  sufficient 
reason,  receive  the  name  of 
panerexs. 

Immediately  below  the  thin 
integument  of  the  anterior  wall 
of  the  mantlo-caWty  lies  a 
characteristic  organ — the  Ink- 
■ac  (Fig.  626,  ink.  s. ;  Fig.  627> 
This  is  a  pear-shaped  body,  a 
portion  of  the  interior  of  which  is 
glandular  and  secretes  a  black 
substance — the  t?i/.'  or  siyia— 
which  collects  in  the  main  cavity 
of  the  sac  and  is  discharged  by  a 
cylindrical  duct  opening  into  the 
rectum  close  to  the  anal  aperture. 
When  the  Cuttle-fish  is  startled  it  discharges  the  ink,  which, 
mixing  with  the  water  in  the  mantle -cavity,  is  ejected  throiigh 
the  funnel  a-s  a  black  cloud,  under  cover  of  which  the  animal  may 
escape  from  a  threatened  attack. 

Vaicular  System The  hmrt   (Figs.  625,  626,  and  628)  of 

the  Cuttle-fish  consists  of  a  ventricle  an<l  two  auricles.  The 
veTitiicle  (rent.),  which  is  divided  into  two  lobes  by  &  constric- 
tion, is  somewhat  obliquely  placed,  but  the  rest  of  the  vascular 
system  is  almost  completely  equilateral.  At  its  oral  end  the 
ventricle  gives  off  a  large  vessel— the  tnii/  nmia  («(./■(.) ;  aborally 
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it  gives  origin  to  a  much  sniallor  aboral  aorta  (ftorl'.),  which 
b(;n(i»  over  the  ink-sac  and  supplies  the  aboral  portions  of 
the  body.  The  arteries  which  lead  off  from  the  aortie  com- 
municate by  their  ultimate  branches  with  a  system  of  capil- 
laries, and  these  with  a  system  of  sinuses  and  veins.  A  large 
median  vein,  the  veiui  cav)/  (i:  cttt:).  nms  from  the  head  to  the 
neighbourho<Ki  of  the  rectiun,  in  front  of  which  it  bifurcates 
to  fona  to  right  and  left  afferent  brsmchial  veins  (l.aff.br.v., 
r.  t'ff.  h:  v.),  each  running  through  the  ea\-ity  of  the  corresponding 


(Aftvr  Kv(. 
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ivnal  orgim  to  the  base  of  the  gill,  w  here  it  is  joiiiiHl  by  veins  from 
the  aboral  reginu.  At  the  base  of  the  gill  the  affen-ut  bniuchial 
vein  bi'comes  dilated  to  funii  a  contractile  sac — the  h,intfhioUnart 
{/•.hi: hi.) — aii)ien<le<l  ti>  which  is  a  rounde^l  ImxIv  of  a  glandular 
character — the  I'jijn ui/nifc  of  the  bninchial  heart.  The  aftVniit 
branchial  vein  runs  thmugh  the  axis  of  the  Iminchia  giving  off 
branches  as  it  goes.  The  l»l>Kid  is  c'arrie<i  liai'k  to  the  ventricle  by 
a  dilated  contractile  vessel,  the  ai-ricif  or  fftrait  hn'nehinl  ftiw 
(/.  aur.,  r.  mir.). 


Tlie  coelome  (,Fig.  &3i)  is  ii  puiicli  of  considerable  size,  divided 
by  a  constriction  into  oral  and  aboml  part.s.  The  former  is  the 
pericardium  or  cavity  in  which  the  heart  is  lodged :  it  gives  off 
a  pair  of  diverticula,  right  and  left,  each  lodging  the  coiresponding 
branchial  heart.  The  aboral  part  of  the  cmlonie  foniis  the  capsule 
which  enckrses  the  ovary  or  testis. 


Iflft  ukrielfi; 

T\gbt  nlidonilniil  nin ;  r.  cfn, 


The  paired,  plume-shaped  cteaidlum  lies  parallel  with  the  long 
axis  of  the  body.  It  is  attached  thnmghout  the  greater  part  of  it« 
leDgth  to  the  wall  of  the  mantle-cavity  by  a  thin  muscular  fold. 
It  consists  of  mimerous  pairs  of  delicate  lamella?,  the  surface  of 
which  is  increased  by  the  presence  of  a  complex  system  of  foldings. 
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Internally  the  lainellse  are  not  complete!)  in  contact  an  axial 
canal  being  left  through  which  the  water  penetrates  freely  to  all 
parts  of  the  gill.  The  blood  carried  to  the  gill  by  the  afferent 
omnchial  vessel  passes  in  a  system  of  minute  bmriches  through 
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the  lamella',  and  is  gathered  up  again  iiitu  vesst'ls  which  o|K.'n  int<) 
the  main  effenrnt  veswcl  leading  to  the  aurich' 

Nerroiu  lyitein.— Though  parts  hiun"l<>g<iu>  with  thwi-  of  the 
nervous  sj-steiii  of  Triton  are  recognisable  in  that  of  Sepia  their 
proportions  and  ai-rungement  indicate  a  higher  grade  of  organ isat  ion. 
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The  cerebral,  pedal,  and  plmro-vimnil  gaitglia  (Fig.  02(3),  all  of 
relatively  large  size,  are  closely  aggregated  tu|/fther  aruuud  the 
ossophagus,  supported  and  protected  by  the  cninial  cartilage.  The 
cerebral  ganglia,  (cer.  g.)  are  fuaed  together  into  a  single  rounded 
mass,  lodged  in  a  hollow  of  the  cranial  cartilage,  and  covered 
over  anteriorly  by  a  strong  fibrous  mem- 
brane. Laterally  are  given  off  a  pair  of 
short  thick  processes — the  cptic  nen^cs 
or  (^iic  statics  {opt.  st.) — which  expand 
almost  immediately  into  large  masses — 
the  optic  ganglvi  {opt.  g.) — in  immediate 
contact  with  the  eyes.  At  the  sides 
and  posteriorly  a  pair  of  very  thick  com- 
missural bands  of  nen-e  matter  pass 
round  the  cesopha^s  to  unite  with  the 
pedal  and  pleuro-visceral  ganglia,  which 
lie  behind.  The  pedal  ganglia  (Fig.  630) 
are,  like  the  cerebral,  iiniled  into  a 
single  mass ;  orally  this  is  prolonged 
forwards  and  expanded  into  a  broad 
mass  from  which  the  ten  h>-ac!iial  nerves 
{br.n.)  are  given  off  to  the  arms.  The 
pleuro-vuKeral  ganglia,  also  united  into 
one,  are  in  immediate  contact  with  the 
pedal  behind  the  tpaophagus, 

Bct^ides  the  optic  nenes  the  cerebral 
ganglia  also  give  off  a  pair  of  slender 
nerves  which  join  a  smaller  pair  of 
closely  united  lueml  ganglia  (Fig.  629, 
buc),  situated  close  to  the  buccal  cavity 
on  the  anterior  aspect  of  the  (esophagus. 
The  buccal  ganglia  again  (which  are 
sometimes  looked  upon  as  sejiarated  por- 
tions of  the  cerebral)  are  connected  by 
slendercommissures  with  a  pair  of  ganglia, 

the  stomatoga^ric  {Fif;.i}2S,g.stom.).ahni 

r%  inkSm^ :''"i.*^I'a!iity      closely  uuited,  situated  on  the  posterior 

,a  ink-«*e ;  o.  oriBw  of  Ink-       Bsoect  of  the  ifisophaguB.  Besides  the  ten 

uroKudea.  (Prainthe oih-      brachial  nerves,  each  oi  which,  expand- 

oirS.r"'"™'  *"°'^'  "''"      ing    *at    the    base  of  the  ami    into   a 

brachial   ganglion,  runs  along  the  axis 

of   the   ann   to  its  extremity,  the   pedal   ganglia  also  give   off 

nerves  to  the  funnel,  and  also  a  pair  to  the  otocysts:   but  the 

latter  are  found,  when  their  fibres  are  traced  to  theii'  origin,  to  be 

derived  from   the  cerebral  ganglia.     The  pleuro-visceral  ganglia 

give  off  two  visceral  ncwcs  (Fig.  fi30,  vise,  n.)  supplj-ing  the  vanoua 

internal  orgjins,  one  pair  of  branches,  the  i'/-«jw/n«/s, exjmnded  into 
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a  branchial  ganglion  at  the  base  of  the  ctenidiuiii,  and  running  along 
its  axis  to  its  extremity.     Two  other  ganglia  of  considerable  size — 
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the  visceral  and  thu  <?'(«(/•((•— occur  in  the  course  of  this  svsleiii.  The 
pleuro- viscera  I  ganglia  also  give  off  two  very  stout  jtoUinl  nerva 
{pall.n.)  which  nin  through  the  neck  to  the  inner  surface  nf  the 


mantle-cavity,  where  each  expands  into  a  large,  flat,  pallial  or 
stellate  ganglion  (Fig-  621,  l.st.  g.)  which  is  visible  in  front  of 
the  ctenidium  when  the  mantle-cavity  is  opened.  From  the 
outer  edge  of  this  are  given  off  a  number  of  nerves  supplying 
the  various  parts  of  the  mantle. 

The  organs  of  special  Miue  of  the  Cuttle-fish  are  much  more 
highly  developed  than  those  of  Triton.  The  eyes  (Fig.  631)  are 
supported  by  curved  plates  of  cartilage  connected  with  the  cranial 
cartilage.  The  signihcance  of  the  various  parts  of  the  eye  will  not 
be  fully  understood  till  the  structure  of  that  of  the  Vertebrata  has 


031.— ■•»!»,  ftectlon  .of  eye.  ril.  pnx.  ciliary  pr 
opf.  p.  optic  i(ra\gMim ;  orh,  mrt,  orbital  oirtlljitfv  ■  > 
cnrtUngs.    (Kmui  Vogt  tuid  Jnug.  niter  lleneDii.) 


been  studied,  A  transparent  portion  of  the  integument  covering  the 
exposed  face  of  the  eye  is  termed  the  comed  (com.).  This  is  perfor- 
ated by  a  minute  aperture  placing  the  internal  cavity  of  the  eye  in 
communication  with  tHe  exterior.  The  eye-ball  has  a  firm  wall,  or 
sclerotic,  strengthened  byplates  of  cartilage  (sd.cart.).  Externally,  i.e., 
on  the  side  turned  towards  the  surface  of  the  head,  this  presents 
a  large  opening — the  pujiil.  The  part  of  the  sclerotic  which  im- 
mediately bounds  the  pupil  is  termed  the  iris(ir.);  itcontains  muscu- 
lar fibres  by  whose  action  the  size  of  the  pupil  can.  to  a  limited 
extent,  be  increased  or  diminished.  Just  internal  to  the  iris  and 
projecting  slightly  through  the  pupil  is  the  /eiw — a  dense  glassy- 
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looking  body  of  a  spherical  shape.  The  lens  consists  of  two  plano- 
convex lenses  in  close  apposition ;  it  is  supported  by  an  annular 
process — the  ciliary  process  (cU,  proc) — projecting  inwards  from  the 
sclerotic.  The  lens  with  the  ciliary  process  divides  the  cavity  of 
the  eye  into  two  cavities,  a  smaller  outer — the  cavity  of  the  ayice- 
(ms  hummer — containing  water,  and  a  larger  inner,  containing  a 
gelatinous  substance — the  vitreous  humour.  Over  the  wall  of  this 
inner  chamber  extends  the  retina  {ret),  the  sensitive  part  of  the  eye, 
in  which  the  optic  nerve-tibres  derived  from  the  optic  ganglion 
terminate.  The  retina  is  of  somewhat  complicated  structure, 
consisting  of  a  number  of  layers :  of  these  that  which  immediately 
bounds  the  internal  cavity  of  the  eye  is  a  layer  of  short  narrow 

Erismatic  bodies — the  layer  of  roils  (rd),  while  the  outermost  is  a 
lyer  of  optic  nerve-fibres  connected  with  the  nerve-cells  of  the 
optic  ganglion  on  the  one  hand,  and  with  the  other  elements  of 
the  retina  on  the  other. 

In  immediate  contact  with  the  eye,  in  addition  to  the  optic 
ganglion,  is  a  large  soft  body  of  unknown  function,  the  so-called 
optic  gland  or  tchite  body.  Bundles  of  muscular  fibres  bring  about 
limited  movements  of  the  eyeball  in  various  directions.  A  j)air 
of  integumentary  folds  of  the  character  of  eyelids  are  capable  of 
being  drawn  over  the  cornea. 

The  otocyst  (Fig.  619),  though  not  of  such  complicated  structure 
as  the  eye,  is  very  much  more  highly  developed  than  that  of  the 
Pelecypoda  or  Gastropoda.  The  two  otocysts  are  embedded 
in  the  cartilage  of  the  posterior  portion  of  the  cranium  close 
to  the  pleuro-visceral  ganglion.  The  cavities  of  the  two  organs, 
which  are  about  3  mm.  in  diameter,  are  separated  by  a  median 
cartilaginous  septum.  The  inner  surface  is  mised  up  into  a 
number  of  rounded  and  pear-shaped  elevations.  The  surface  is 
lined  with  a  flattened  epithelium  raised  up  on  the  |X)sterior  surface 
into  a  ridge  composed  of  large  cylindrical  cells  provided  at  their 
free  extremities  with  short  cilia,  and  ])roduce(l 
at  their  bases  into  processes  continuous  with 
nerve-fibres  derived  from  the  (^>toovst  nerve. 
Elnclosed  in  the  cavitv  of  the  otocvst  is  a  laree 
otolith  (Fig.  632)  of  dense  com})osition  and 
complicated  form.  The  function  of  the  ot<jcysts 
as  organs  of  hejiring  is  quite  unproved ;  it 
has  been  shown  by  exj>eriment  that  their  re- 
moval leads  to  a  loss  of  the  power  of  co- 
ordinating: the  movements  in  such  a  wav  as  ki.,  .\3j^-sepu  cja- 
to  maintain  the  cH^iuilibrium.  hiKhiy  uiaKnified. 

Supposed  to    be    olfactory  in  function  is  a 
pair  of  ciliated  pits,  which  open  by  slits  on  the  surface  behind 
each  eye:  among  the  ciliated  cells  lining  the  pit  are  numerous 
narrow  sensory  cells  connected  at  their  bases  with  the  fibres  of 
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a  nerve  deiived  from  a  small  ganglion  situated  close  to  the 
optic  ganglion.  A  small  elevation,  covered  with  papillfs,  on  the 
Hooi'  of  the  buccal  cavity,  just  in  front  of  the  odontophore,  is 
perhaps  an  organ  of  taste. 

The  excretory  organs  ofSepia(Figs.  i)33  and  634)  are  a  pair  of 
thin-walled  sacs,  which  open  into  the  mantle-cavity  by  the  con- 
spicuous excretory  apertures  already  described.  On  either  side  is 
an  aperture  (ap.^)  placing  the  cavity  of  the  sac  in  communication 
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\vith  the  pericardium.  The  right  and  left  sacs  communicate  with 
one  another  anteriorly  and  posteriorly.  From  their  posterior  junc- 
tion is  given  otf  a  median  diverticulum  (Fig.  634,  med.  s),  into 
which  the  pancreatic  follicles  (pane.)  project.  Through  each  ex- 
cretorj-  sac  nins  the  corresponding  afferent  branchial  vein,  formed 
by  the  bifurcation  of  the  vena  cava.  Surrounding  the  vessel  are 
masses  of  glandular  tissue  (Fig.  633,  ren.  app),  by  \vnose  agency  the 
process  of  renal  excretion,  the  products  of  which,  in  the  shape  of 
urates,  are  to  be  detected  in  the  internal  cavity,  is  carried  on. 
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Reproductive  sjrstem. — In  the  malt:  the  iestu  (Fig.  G^o.  te) 
fomis  a  compact  nia^s  of  minute  tubules  situated  in  the  aboml 
region  of  the  body  and  enclosed  in  a  capsule.  The  singk-  speniii- 
duct  (i\  def)  is  a  greatly  convoluted  tube  which  leads  from  the 
cavity  of  the  capsule  towards  the  right ;  it  opens  into  an  elon- 
gated resic^da  semumHs  (res.),  to  which  is  appended  a  glandular 
Body,  the  2>'''08tate  Ci"')-     In  the  interior  of  the  vesicula  lieminalis 


tiLThriillnl  mv;  li 


the  sperms  are  rolkil  up  by  tln'  action  of  a  system  of  pn>oves  and 
ridgos  into  long  narrow  bundles  of  about  '2  cm.  in  U-iigth.  each 
of  which  becomes  encloseil  by  n  chititioid  capsule  of  a  naniiw 
cylindrical  shape,  forming  n  itpenna/oiiiinir  (Fig.  G'iG.B):  nt  one 
end  of  the  spcrmatophor^'  is  a  complicated  appixmtHs  of  thenatun- 
of  a  spring  for  causing  the  rupturt-  of  thv  wall  and  the  discharge 
of  the  speriiis.  The  vesicula  seminalis  exjwinds  into  a  wide  sac — 
the  ipfrmatopliond  mc  or  N'tedha/n's  sac  (Fig.  tiSo,  sp.  s) — in  the 
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interior  of  which  the  spermatophores  are  stored.  This  opens  into 
the  mantle-cavity  by  the  aperture  already  described  at  the 
extremity  of  the  penis  to  the  left  of  the  middle  line. 

In  the  female  the  ovary  (Fig.  621,  or)  occupies  a  position  exactly 
corresponding  to  that  of  the  testis  in  the  male,  and  is  enclosed  in  a 
similar  capsule,  with  the  cavity  of  which  the  lumen  of  the  oviduct 
is  continuous.  An  axial  swelling  bears  numerous  follicles,  each 
containing  a  single  ovum  at  various  stages  of  development,  and  sup- 
ported on  a  long  slender  stalk.  At  the  breeding  season  the  ovary 
becomes  a  compact  mass  of  ova,  which  assume  a  polygonal  shape 
owing  to  mutual  pressure.  The  twirfwrf(ot*(rf)  is  a  wide  tube,  opening, 
as  already  described, into  the  mantle-cavity  to  the  left  of  the  rectum. 


Xear  its  external  opening  are  situated  a  pair  of  small  accessory 
ghnuls  {ac.  nid).  Occupying  a  conspicuous  position  on  the  anterior 
wall  of  the  mantle-cavity  of  the  female  is  a  pair  of  large  flattened 
glands  of  somewhat  oval  outline,  the  nidamental  glands  (nid), 
situated  to  the  right  and  left  of  the  ink  duct.  In  the  long  axis  of 
each  is  a  median  canal,  on  either  side  of  which  is  a  range  of 
closely-set  delicate  lamellce ;  the  median  canal  opens  into  the 
mantle-cavity  by  a  slit  bounded  by  a  number  of  plaits  situated  at 
the  narrower  oral  end.     The  nidamental  glands  secrete  the  viscid 
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material  by  means  of  which  the   eggs   when   deposited   adhere 
together  in   masses.     A  glandular  mass   of  unknown   function, 
known  as  the  accessory  nid omental  glamh, 
lies  at  the  sides  and  around    the   oral 
ends  of  the  nidamental  glands  proper. 


ii.  The  Pearly  Nautilus^  (3 «m^/«5 

^mpilius). 
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The  three  living  species  of  Nautilus. 
of  which  N.  poinpilius  is  the  best 
known,  are  inhabitants  of  moderately 
shallow  water  about  the  shores  and 
coral-reefs  of  the  South  Pacific,  usually 
creepmg  on  the  bottom  at  the  depth  of 
a  few  £ithoms,  and  probably  never 
coming  voluntarily  to  the  surface.  The 
body  is  enclosed  in  a  calcareous,  spirally- 
coiled  shell  (Fig.  637),  into  which  the 
entire  animal  can  be  withdrawn  for  pro- 
tection. The  ca\nty  of  the  shell  is  divided 
by  a  system  of  septa  into  a  series  of 
chambers,  the  last  and  largest  of  which, 
opening  widely  on  the  exterior,  alon** 
lodges  the  body  of  the  animal.  Between 
the  animal  and  its  shell  there  is  a 
direct  organic  connection  through  the 
intenm»diation  of  a  narrow  tubular  ])ro- 
longation  of  the  visceral  region,  which 
perforates  the  entire  series  of  the  septa 
to  the  apex  of  the  .^^piral.  This  tube, 
which  is  tenne<l   the  Mphinich  (si),  has 

its  wall  supported  by  scattere<l  sj)icules  of  carlxmate  of  lime; 
but,  in  mldition,  as  it  pisses  through  each  septum,  there  is  pn»- 
duced  over  it  for  some  distance  a  shelly  tube — the  Si^fal  necJc — 
(«.  n)  continuous  with  the  substance  of  the  se})tum.  The  apical  or 
initial  chamber  presents  a  small  scar,  the  vinifrh:,  which  may 
indicate  the  original  presence  of  the  larval  shell,  or  ^>ri>f <vo;u7< . 
which  has  finllen  off  in  the  course  of  development. 

When  the  shell  of  the  Nautilus  is  compareil  with  that  t»f  Triton 
some  points  of  resemblance,  together  with  im|x>rtant  i>oints  o( 
difference,  will  be  at  once  recognised.  In  both  the  growth  of  the 
shell  has  taken  ])l«ice  in  such  a  way  as  to  pnKluce  a  gradual  and 
regular  incn*ase  in  the  width  of  the  internal  cavity.  fn»m  the  a|x-x 
to  the  mouth,  the  result  being  a  form  of  shell  which,  if  it  were 
straightened  out,  would  be  a  long  cone.  In  b<»th  the  growth  has 
not  taken  place  in  a  straight  line,  but  in  a  spiral,  and  a  spinil  of 
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so  close  a  character  that  successive  turns  are  in  immediate  contact 
and  their  walls  fused  together.  But  in  Nautilus  all  the  turns  of 
the  spiral  are  in  the  same  plane ;  the  spiral,  in  other  words,  is  a 
flat  one,  as  has  already  been  found  to  be  the  case  in  certain  of  the 
Gastropoda  (p.  686),  whereas  in  Triton  the  spiral  is  an  elongated 
helix:  in  other  words,  the  spiral  of  Nautilus  is  that  of  a  watch- 
spring,  that  of  Triton  that  of  a  corkscrew.  The  possession  by 
Nautilus  of  the  aeries  of  septa  marlcing  the  position  which  the 
animal  has  occupied  at  successive  stages  in  its  growth  is  another 
striking  difference.  Moreover  the  relations  of  the  soft  parts  of 
the  shell  are  radically  different  in  the  two  cases.     In  Triton  the 
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body  is  attached  to  the  shell  by  the  coluniellar  muscle;  in 
Nautilus  the  main  organic  connection  is  by  means  of  the  siphuncle, 
for,  though  it  is  chiefly  through  the  pressure  exerted  by  two  great 
lateral  masses  of  muscle  that  the  Nautilus  retains  its  hold  of  the 
shell,  the  muscular  fibres  are  not  attached  to  the  latter  in  the 
same  intimate  way  as  those  of  the  coluraellar  muscle  of  Triton. 
Again,  while  the  curvature  of  the  body  of  Triton  with  the  en- 
closing shell  is  towards  the  ventral  side,  in  Nautilus  it  is  towards 
the  dorsal. 

When  the  animal  is  removed  from  the  shell   it  is   found    to 
possess   two   regions,   a   distinct   and    relatively    large,   obtusely 
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conical  head,  boaring  eyes  and  a  system  of  toiitiicles,  and  a 
rounded  sivc-Iike  i>-iink.  Both  head  and  tnmk  are  very  slightly 
compressed,  the  direction  of  the  compression  being,  as  in  Sepia, 
from  the  antero-<lorsal  towards  the  postero- ventral  side,  and 
are  almost  completely  bilaterally  symmetrical,  only  a  very 
slight  disturbance  of  the  symmetry  being  discernible.  The 
month,  situated  at  the  free  extremity,  is  ])rovidcd  with  a  jmir  of 


relatively  enomions,  jwrtly  ealcitied  jaws  (Fig.  OIW).  Surroiiuding 
the  mouth  is  a  series  of  bilatendly  arr.ing>il  lobi-s  which  represent 
the  fore-foot  of  other  Muihiscs.  These  are  beset  with  muiieroiis 
slender  tentacles,  each  provide<l  with  an  ehmgated  tnbidar  sheath, 
in  tho  interior  of  which  the  greater  part  of  the  tentacle  in  the 
retmcteti  condition  lies  enclositl,  only  a  small  pirtinii  pmtniding. 
Klimite  ring-like  markings  on  the  tentaele  are  due  t<i  the 
presence  of  cin-iilnr  bands   nf  muscular   HbR'-s.      There   are    no 
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suckers ;  but  it  is  supposed  that  each  tentacle  reiiresents  not  one 
of  the  arms  of  Sepia,  but  one  of  the  suckers.  The  tentacles  are 
arranged  in  two  series,  an  outer  and  an  inner.  The  outer,  which 
are  borne  on  an  annular  muscular  ridee  of  the  fore-foot,  are 
nineteen  on  each  side  in  both  sexes.  Anteriorly  this  muscular 
ridge  is  thickened  to  form  a  massive  lobe — the  hood  (M.) — in  which 
there  is  a  concavity  for  the  reception  of  the  coil  of  the  shell. 
The  hood  bears  two  tentacles  and  has  the  appearance  of  being 
composed  of  the  immensely  developed  sheaths  of  these,  com])letely 
fused  together  in  the  middle  line :  on  each  side  the  enlarged 
sheaths  of  a  second  pair  of  tentacles  are  closely  applied  to,  though 
not  completely  coalescent  with,  the  hood,  being  separated  from  the 
latter  by  a  narrow  groove.  The  hood,  with  these  two  enlarged 
sheaths,  is  covered  with  a  thickened  tuberculated  skin,  and  acts 
after  the  manner  of  an  operculum  for  protecting  the  tentacles 
and  other  soft  parts  about  the  head.  Altogether  there  are 
forty-two  tentacles  of  this  outer  series,  including  one  situated  on 
the  oral  and  another  on  the  aboral  side  of  each  eye.  The 
tentacles  of  the  inner  series  differ  strikingly  in  number  and 
arrangement  in  the  two  sexes.  In  the  female  there  are  two  inner 
lateral  lobes,  right  and  left,  quite  symmetrically  developed,  and 
each  bearing  twelve  tentacles,  and  an 
■  inner  posterior  lobe  divided  by  a  deep 
median  notch  into  two,  each  half  bear- 
ing fourteen  tentacles.  On  the  middle 
of  the  oral  surface  of  the  latter,  close 
to  the  median  notch,  is  an  oval  patch 
raised  up  into  numerous  closely  set 
ridges.  In  some  individuals,  however, 
the  whole  of  this  posterior  lobe  is  re- 
presented by  a  vestige  (or  rudiment) 
with  only  slight  indications  of  the 
tentacles. 

In  the  male  the  inner  |)osterior 
lobe  with  its  ridged  organ  is  only 
represented  by  a  median  posterior 
botly  consisting  of  two  oval  elevations 
each  divided  into  a  number  of  folds. 
The  internal  lateral  lobes  are  greatly 
modified,  four  of  the  tentacles  on 
either  the  right  side  or  the  left, 
usually  the  latter,  being  modified  to 
form  a  structure  termed  the  spadix 
(Fig.  63SI),  which  is  supposed  to  re- 
present the  hectocotylised  arm  of  the  male  Sepio.  It  has  the  form 
of  a  large  compressed  cone  fonued  by  the  union  of  the  enlarged 
sheaths  of  three  of  the  tentacles.      The  corresponding  tentacles 
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themselves  are  in  the  adult  male  enormously  thickened,  and 
the  outer  surface  of  the  most  posterior  (S)  is  covered  with  regularly 
arranged  rows  of  minute  pits.  A  fourth  tentacle  much  smaller 
than  the  others  is  closely  applied  to  the  outer  surface  of  the 
organ.  In  the  internal  lateral  lobe,  right  or  left  as  the  case  may 
be,  opposite  that  bearing  the  spadix,  the  latter  is  represented  by 
a  group  of  four  tentacles  fonning  what  is  termed  the  anti-spadix. 

A  further  difference  between  the  male  and  the  female  with 
regard  to  the  foot  is  the  presence  in   the  latter,  but  not  in  the 
fonner,  on  the  inner  surface  of  the  outer 
ridge,  close  to  the  inner  posterior  lobe  on 
either  side,  of  an  area  thickly  beset  with 
delicate  membranous  ridges. 

On  the  posterior  side  of  the  head  is  a 
funnel  corresponding  with  that  of  Sepia, 
but  extending  further  forwards  ;  this,  how- 
ever, does  not  form  a  complete  closed 
tube,  the  edges  of  its  right  and  left  moieties 
being  simply  in  apposition  posteriorly 
without  being  united  together.  Near  the 
oral  end  is  a  large,  somewhat  triangular, 
valve  arranged  like  that  of  Sepia. 

An  internal  skeleton  of  cartilage,  ^s  in 
Sepia,  protects  the  nerve-centres  and  sup- 
ports the  basal  parts  of  the  foot  (Fig.  640). 

Mantle  and  Mantle-Cavity. — The 
mantle  is  produced  around  the  head  into 

a  free  flaj),  longer  and  looser  than  the  mantle-flap  of  Sepia. 
Dorsally  this  splits  into  two  layers  reflected  over  the  convexity 
of  the  shell  which  fits  into  a  hollow  behind  the  hood.  Ventrallv 
and  posteriorly  the  manth*  encloses  a  large  mantle-cavity 
(Fig.  641)  corresponding  to  that  of  Sepia.  In  this  are  knlged 
two  pairs  of  ctenidia  {dciu),  having  the  siime  general  structure 
as  the  single  pair  present  in  Se])ia.  Between  the  bases  of  tht* 
ctenidia  of  each  side  is  a  small  knob-liki*  elfvation,  the  oral 
osphradium  {ont.  vs.)}  and  behind  the  bases  (jf  the  more  abomlly 
situated  pair  are  two  comj)ressed  bilobed  ])rojections,  more  or  less 
completely  united  in  the  middle  so  as  to  ft  inn  a  transverse 
ridge;  these  are  the  ahoral  o^phrfuU't  {jwst.  t/s.).  In  the  middle 
line  of  the  mantle-cavity  is  the  ain/s  (an.),  a  large  ajK^rture  ^vith 
minutely  lobed  margin,  situated  on  a  slight  elevation,  but  by  no 


Fio.  (Vto.— Nantilns  pom- 

pllluSy  cartiLif^noiii*  in- 
temiU  skeleton.  (After 
Kefun»tviii.) 


*  As  in  Sepia  it  is  convenient  to  use  tlie  term  otn/  for  j»rt»  towanlt*  the 
mouth  eml,  and  ahoral  for  those  situateil  towanls  the  op|K>site  extremity,  the 
same  terms  )>eing  also  u»e<l  to  indicate  rtfatire  ]M)sition  of  <lit}'e!x»nt  |Mirt.H.  The 
relative  positicm  of  the  jmrts  is,  however,  for  the  siike  of  simplicity  given  here 
as  they  lie  wlien  the  mantle-cavity  is  oj)ened  l>y  turning  l»ack  its  thin  jKwtero- 
ventral  wall. 
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meiiiis  so  proniiuent  as  in  Sejiia.  Du  eat'h  aide  are  twu  apei-tures, 
the  oral  and  aboml  'oephrUlial  apertures  {a.  I.  -nepk.  ap.,2>.  I.  iieph.  np., 
p.  T.  neph.  ap.),  correspouding  to  the  single  pair  of  Sepia,  but  not 
elevated  on  papilliB.  Close  to  each  posterior  nephridial  aperture 
is  an  opening — the  viscero-jKricai-dial  (l.visc.ap^r.visc.ap.'y—leaA- 
mg  into  the  visceni-pericardial  section  of  the  body-cavity  ;  these 
are  not  represented  in  Sepia.  In  both  sexes  there  are  two  repro- 
ductive ducts,  right  and  left ;  but  in  both  the  right  alone  nppoara 
to  be  functional,  and  the  loft  is  much  smaller.  The  opening  of 
the  right  apermiduct  of  the  male  (pen.)  is  situated  on  a  cylindnoal 
prominence — the  penis — placed  close  to  the  middle  line.  In  the 
female  the  nidamenfal  glands  are,  as  in  .Sepia,  conspicuous  objects, 


.  rr,>.  (ml  loft  nephtidUl  uperttm :  an.  i 
iiru:  f,  ant.  h.  left  omi  iMphrbdluia : 

.l-iml  right  ueiriiridU 


^ 


when  the  mantle-cavity  is  exposed ;  but  they  are  mainly  situated 
on  its  posterior  instead  of  its  anterior  wall. 

Snteric  Oanal. — The  mouth  is  surrounded  by  a  peristomial 
membrane  beset  with  numerous  papillse.  There  is  a  pair  of 
jaws  (Fig.  Gi'I.jaw)  of  similar  shape  to  those  of  Sepia,  but  much 
more  powerful,  and  calcified  towards  the  tips.  The  buccal  mass 
is  a  lai^e  rounded  body  with  thick  muscular  walls.  On  the 
floor  of  the  contained  cavity  is  a  large  and  prominent  odontophore 
{odont.)  with  long  and  pointed  curvefi  teeth.  In  front  of  the 
odontophore  ia  a  large  bilobed  soft  prominence,  the  tim^e  {tong.). 
Behind  the  odontophore,  between  it  and  the  opening  of  the 
tesophagu.'*,  are  one  large  median  and  two  lateral  tongue-like  pro- 
miiifuces  beset  with  jjapillse ;  on  the  inner  surface  of  the  latter 
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are  apertures  which  may  be  the  openings  of  salivar}'-  ducts,  but 
the  existence  of  salivary  glands  has  not  been  proved. 

The  oesophagus  (oes,)  becomes  dilated  aborally  into  a  very 
spacious  crop  (cr.)  for  the  storage  of  the  food,  consisting  of  small 
prawn-like  Crustaceans  and  small  Fishes  broken  up  by  the  jaws 
and  radula.  This  opens  into  a  rounded  stomach  (stom.)  having 
very  much  the  appearance  of  the  gizzard-like  caecum  of  Sepia. 
The  intestine  (int.)  shortly  after  it  leaves  the  stomach,  develops 
a  rounded  caecum  (cctc.)  with  complexly  folded  walls,  into  which 
the  ducts  of  the  liver  open.  The  intestine  does  not  pass 
straight  to  the  anus  as  in  Sepia,  but  first  bends  round  in  a 
short  coil.  The  ink-sac  and  duct  of  Sepia  are  not  represented. 
There  is  a  very  large  liver  divided  into  four  main  portions  or 
lobes,  each  of  which  is  made  up  of  a  number  of  lobules.  The 
bile-ducts  (b.  du,),  opening  as  above  mentioned  into  the  caecum, 
have  a  series  of  small  diverticula  which  may  represent  the  pan- 
creatic appendages  of  Sepia. 

Heart  and  Circulation. — The  ventricle  (Figs.  642  and  643 
vent.)  is  a  bilobed,  transversely  placed,  muscular  sac,  very  similar 
to  that  of  Sepia.  On  either  side  there  open  into  it  two  auricles 
or  efferent  branchial  vessels  («.  or.),  one  from  each  of  the  four 
ctenidia.  The  ventricle  gives  oflF  a  large  main  aorta  (ao7't.\  which 
passes  to  the  head  after  giving  off  arteries  to  the  stomach, 
the  crop,  the  liver,  and  the  mantle.  From  the  aboral  surface  of 
the  ventricle  is  given  oflf  a  smaller  arterj',  the  lesser  aorta,  which 
immediately  bifurcates.  One  of  its  branches — the  2)08t€rwo'  pallial 
artery  (Fig.  642  his,  post,  pall,  a.) — pa^sses  to  the  area  of  the 
mantle  applied  to  the  septum,  bifurcates  to  supply  this  area, 
and  gives  off  a  branch  to  the  siphunclc.  The  other — anterior 
palliul  {ant.p)cilL  a.) — after  giving  oflf  arteries  to  the  intestine 
and  rectum,  and  to  the  branchia?  and  osphradia  passes  to  the 
muscular  edge  of  the  mantle,  bifurcating  anteriorly.  Three  genital 
arteries  {gen.  a.  i,  ^,  5),  supplying  the  various  parts  of  the  re- 
productive apparatus,  are  likewise  given  off  directly  from  the 
ventricle. 

A  large  vena  cava  (Figs.  642  and  643,  ven.  c.)  occupies  a  position 
corresponding  closely  with  that  of  Sepia.  It  presents  the  re- 
markable peculiarity  of  being  in  free  communication  by  numerous 
(valvular),  apertures  with  the  viscero-pericardial  cavity  of  the 
coelome.  At  its  aboral  end  it  presents  a  dilatation  from  which 
four  afferent  branchial  veins  (Fig.  643,  a.  I.  af.  /.,  p.  I,  aff.,  p.  r.  aff., 
r.  ant,  aff.) — two  right  and  two  left — proceed  to  the  corresponding 
ctenidia,  at  the  bases  of  which  veins  from  the  aboral  region  join 
them.     There  are  no  bmnchial  hearts. 

The  renal  organs  (Fig.  643)  are,  like  the  ctenidia  and  the  afierent 
and  efferent  vessels,  four  in  number,  instead  of  two  as  in  Sepia. 
Each  renal  sac  (/.  neph.  s.,  r.  nej)h.  5.,  /.  post,  nep>h.  5.,  r.post.  neph.  s.) 
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opens  into  the  iiitin  tic -cavity,  as  already  stiated.  by  an  orifice 
which  is  not  drawn  out  into  a  tube.  There  is  no  communication 
between  the  cavities  of  the  different  sacs,  and  thus  no  median 
chamber  as  in  Sepia.  The  cavities  are  found  Uy  contain  phofijihate 
of  lime.  Into  each  projects,  from  the  corresponding  afferent 
branchial  vein,  a  compact  rounded  group  of  venous  appondage.<> 
(rm.  app.),  consisting  of  two  symmetrical  portions.  Internal  to 
these,  each  afferent  vein  has  connected  with  it  a  second  group  of 
glandular  appendages,  which  are  cylindrical  or  club-like  in  form  ; 
they  project,  not  into  the  nephridial  sac,  but  into  the  viseero-peri- 
cardial  compartment  of  the  ccelome.  They  have  been  compared 
with  the  appendages  of  the  branchial  heart  of  Sepia,  but  differ  in  ' 
their  relations  to  the  renal  appendages. 

Nenroiu  lyitem. — Nautilus  diilei's  strikingly  irom  Sepia,  and 
resembles  Chiton  (p.  667)  in  the  fonn  assumed  by  the  central 
parts  of  the  nervous  system,  distinct  ganglia  being  absent.  A  verj- 
thick  nerve-collar,  the  posterior  portion  of  which  is  double,  surrounds 
the  cesophaeuB  just  behind  the  buccal  mass.  The  anterior  part  of 
the  collar  (Fig.  642,  cer.  y.)  represents  the  cerebral  ganglia,  the 
oral  portion  of  the  posterior  part  {ped.g.)  the  pedal,  the  aboral 
portion  {pi.  g.)  the  pleuro-visceral,  while  the  lateral  parts,  not 
distinctly  marked  off  from  the  rest,  represent  the  cercbi-o-pedal  and 
cerebro-pleui-al  connectives.  From  the  cerebral  "ganglia"  pass 
nerves  to  the  buccal  mass,  to  the  olfactory  organs  {off.  n.)  the 
otocysts,  and  a  pair  of  very  thick  optic  nerves  {opt.  n.)  to  the  eyes. 
The  pedal  ganglion  gives  off  numerous  nerves  to  the  tentacles 
and  the  funnel.  The  pleuro-viscei'al  gives  origin  to  pallial  and 
visceral  nerves. 

Sense  Organs. — The  otocysts  ai-e  a  pair  of  sacs  embedded  in 
recesses  close  to  the  cerebral  ganglia;  each  contains  a  number 
of  small  fiisifonn  otoliths.  An  olfactory  function  is  ascribeil  to  a 
process  having  the  appearance  of  a  modified  tentacle,  situat-ed  on 
the  aboral  side  of  the  eye.  Various  parts  connected  with  the  foot 
have  also  been  supposed  to  be  olfactorj',  but  the  marked  sexnal 
differences  which  they  present  render  this  improbable.  The 
osphradia  (p.  729)  contain  ganglion-ceils  and  are  undoubtedly 
organs  of  special  sense. 

The  eyes,  situated  at  the  sides  of  the  head,  are  very  large,  but 
extremely  simple  in  structure,  presenting  a  marked  contrast  to 
those  of  Sepia,  and  scarcely  comparable  to  those  of  any  other 
animal,  with  the  exception  perhaps  of  Patella  (p.  694).  Each  is 
of  the  shape  of  a  saucer  attached  to  the  head  by  its  convex  side 
through  a  short  thick  stalk,  the  mouth  being  closed  in  by  a 
slightly  convex  disc,  with  a  circular  aperture  about  its  centre.  A 
slight,  raised  rim  runs  round  close  to  tho  margin  on  the  posterior 
half,  and  a  narrow  groove  runs  inwai-ds  from  this  to  the  central 
aperture.     In    the    interior   of  the  cup   is  neither   lens,  vitreous 
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humour,  nor  iris.  The  sea-water,  passing  in  through  the 
aperture,  directly  bathes  the 
retina,  which  is  spread  over 
the  interior  in  a  thick  layer. 
Reprodnctlve  Organs.— 
The  testis  (Fig.  644,  test:) 
or  ovary  (Fig.  645,  ot-.),  like 
that  of  Sepia,  is  single  and 
median,  enclosed  in  a  special 
sac  towards  the  aboral  end 
of  the  body.  The  ducts  are 
paired  in  both  sexes,  but  in 
both  the  right  alone  appears 
to  be  functional.  In  the 
mate  a  lai^e  glandular  vtsi- 
eula  semiiuU'Ui,  in  which  the 
spennatophores  are  formed 
(aec.)  is  connected  with  the 
right  duct,  and  this  appears 
to  be  represented  on  the 
left-hand  side  by  a  vestige 
— the  so-called  j»/rifm-/n  sue  vcutncii., 

ip^r.),  situated  close  to  the 

ventricle.     The  distal  part  of  the  right  duct  dilates  to  form  a 

receptacle,  the  spermatophoral  sac  (sj).  s.),  and  opens,  nearly  in 

the    middle    line   at 

l^ert.op  iiiinence — the  penis 
(Fig.  641.  pen.).  In 
the  female  the  right 
oviduct  has  aglandu- 
lar  dilatation,  which 
is  supposed  to  be 
an  albumen  gland. 
The  ova  are  of  large 
Kize,  greatly  exceed- 
ing those  of  Sepia 
in  dimensions,  con- 
taining a  large  pro- 
Sort  ion  of  food-yolk. 
I  ida  mental  glands 
arc  present,  but  are 
mainly  situated  on 
the  posterior,  instead 
of  the  anterior, 
wall  of  the  man  tie - 
cavity. 
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2.  Distinctive  Characters  and  Classification. 

The  Cephalopoda  are  bilaterally  symmetrical  Mollusca,  which 
have  the  propodium  displaced  fonvards  to  the  neighbourhood  of 
the  mouth,  and  divided  into  a  series  of  arms  bearing  suckers,  or  of 
lobes  bearing  tentacles,  while  the  metapodium  forms  a  funnel  for 
the  egress  of  water  from  the  mantle-cavity.  The  visceral  mass  is 
symmetrical  and  not  coiled.  The  mantle  encloses  posteriorly  and 
ventrally  a  large  mantle-cavity,  in  which  are  situated  the  ctenidia 
and  the  nephridial,  reproductive,  and  anal  apertures.  The  shell 
may  be  absent  or  rudimentary ;  when  present  and  well  developed, 
it  may  be  internal  or  external,  undivided  or  divided  internally  by 
septa  into  a  series  of  chambers.  There  is  an  internal  cartilaginous 
skeleton,  supporting  and  protecting  the  nerve-centres,  and  giving 
attachment  to  muscles.  The  mouth  is  provided  with  a  pair  of  homy 
jaws,  and  an  odontophore  is  present.  In  the  majority  there  is  an 
ink-gland  with  a  duct  opening  into  the  rectum.  The  ctenidia  and 
nephridia  are  either  two  or  four  in  number.  The  nervous 
system  is  highly  developed  ;  and  the  principal  nerve-ganglia  are 
aggregated  together  around  'the  oesophagus.  The  sexes  are 
separate;  the  segmentation  of  the  ovum  is  meroblastic,  and 
there  is  no  metamorphosis. 

Sub-Class  I. — Dibranchiata. 

Cephalopoda  in  which  the  propodium  assumes  the  character  of 
a  circlet  of  either  eight  or  ten  arms  bearing  suckers,  surrounding 
the  mouth.  The  funnel  forms  a  complete  tube.  The  shell  is 
usually  internal ;  when  external  its  cavity  is  not  divided  by  septa. 
There  are  two  ctenidia,  two  nephridia,  and  two  branchio-cardiac 
vessels  or  auricles.     An  ink -gland  and  duct  are  present. 

Order  1. — Decapod  a. 

Dibranchiata  possessing  ten  arms,  with  stalked  suckers,  provided 
with  homy  rims,  and  with  a  well-developed  internal  shell. 

This  order  includes  the  Cuttle-fishes,  Squids,  Spirula,  and  others, 
as  well  as  the  extinct  Belemnites. 

Order  2. — Octopoda. 

Dibranchiata  provided  with  eight  arms,  the  suckers  on  which 
are  sessile  and  devoid  of  horny  rims :  with  or  without  slight  vestiges 
of  an  internal  shell.  An  external  shell,  secreted  by  a  specially- 
modified  pair  of  arms,  is  present  in  the  female  Argonaut  only. 

This  order  includes  the  Octopi  and  the  Argonauts. 

Sub-Class  II. — Tetrabranchiata. 

Cephalopoda,  in  which  the  propodium  has  the  character  of  lobes 
bearing  numerous  tentacles.     The  funnel  does  not  form  a  com- 
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plete  tube.  There  is  an  external,  spiral,  chambered  shell.  There 
are  four  ctenidia,  four  nephridia,  and  four  auricles.  The  ink-gland 
is  absent. 

This  sub-class  includes  only  one  living  genus,  Nautiliis,  but 
the  Avimmiites  and  other  extinct  forms  are  usually  referred  to  it. 

Systematic  Position  of  the  Examples. 

The  genus  Sepia  is  a  member  of  the  family  Sejnitl<e  of  the  order 
Docapoda.  which  is  distinguished  from  the  seven  other  families  of 
the  order  by  the  combination  of  the  following  features : — The 
body  is  compressed  and  comparatively  broad  ;  the  fins  are  narrow 
and  elongated ;  the  internal  nhell  consists  almost  entirely  of  cal- 
careous material. 

Xautilus  is  the  sole  living  representative  of  the  sub-class  Tetra- 
bmnchiata. 

3.  General  Oboanisation, 

The  uniformity  of  stnicture  among  the  Dibmnchiale  Cephalopoda 
is  verj-  groat,  and,  as  alremly  stated,  Nautilus  is  the  only  living 


!«.— Octopna  mimi 
recti™  of  th»  iTopSEi 


member  of  the  Tetrab ranch iata,  so  that  comparatively  little  has  to 
bo  said  to  supplement  the  descriptions  of  thesi'  two  examples. 

External  Featurei. — The  general  external  shajje  diflers  very 
little  in  the  different  members  of  the  Dibranchiata :  the  body  in 
some  is  more  elongated,  in  others,  less ;  the  degree  of  compression 
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likewise  varies.  Fins  may  be  absent,  and  the;  iiiiiiiml  iiiivv  progi 
entirely  by  creeping  with  the  aid  of  the  long  arms,  or 
by  swimming  by  the  movements  of  the  arnis,  or  under  the 
propulsion  of  a  current  of  water  forcibly  ejected  thrnitgh  the 
funnel  by  the  contraction  of  the  muscular  mantle.  (Fig.  646.) 
When  fina  are  present  they  may  not  take  the  form  of  a  continuous 
lateral  flap  as  in  Sepia,  but,  more  usually,  are  of  the  nature  of 
flattened  lobes  situated  towards  the  aboral  exti-emity  of  the  body  i 
(Fig.  647);  in  Cten- 
opteri/x  they  have  the 
character  of  fringes  of 
filaments.  The  arms 
varj'  in  length  and 
proportions  and  in  the 
tbrin  and  arrangement 
of  the  suckers.  Eight 
arms  are  present  in 
the  Octopoda  and  ten 
in  the  Decapuda.  In 
the  former  group  the 
Argonauts  (Fig.  648) 
have,  in  the  female. 
one  of  the  pairs  of  ] 
arms  (t(w.),  flattened 
and  expanded  at  the 
extremities  for  the  se- 
ci-etion  and  support  of 
the  shell  {sh.).  In  the 
Decapoda  one  of  the 
pairs  of  arms,  the 
fourth,  is  always  speci- 
ally modified,  as  in 
Sepia,  to  act  as  pre- 
hensile appendages  or. 
teniada  capable  of 
being  partly  or  entirely 
"""  "'  retracted   within    cer- 

tain sa»i  situated  at 
their  bases.  In  nearly  all  one  of  the  arms  is  specially  modified 
(or  heclocotpliecii)  to  act  as  an  introniittent  organ.  This  modifi- 
cation is  only  very  slight  in  Sepia  and  confined  to  the  base- 
It  is  most  marked  in  certain  of  the  Octopoda  (Fig.  64fl),  in- 
cluding the  Argonauts.  In  the  latter,  before  the  breeding 
season,  the  third  arm  in  the  male  is  found  to  be  represented 
by  a  rounded  sac.  This  subsequently  bursts  and  sets  free  the 
elongated  heetocotylised  arm.  Spennatophores  are  taken  by 
the  arm  from  the  genital  opening,  and  in  the  act  of  copulation 
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the  entire  arm  is  detached,  and  left  in  the  ninntle-cn\'ity  of 
the  female.  In  other  cases  the  ann  is  not  detached.  The 
suckers    arc    sometimes    stalked,   sometimes    sessile,   sometimes 


s'.a-.'se 


armed  with  hooks,  sometimes  replaced  by  hooks.  In  iiinny  casett 
the  arms  are  united  by  a  web-like  fold,  the  JrUei-t'nickial  mem- 
brnne  (Fig.  (ioO),  which  may  reach  nearly  to  their  extremities. 

In  the  Tetrabranchiata  the  series  of  groups  of  slender,  ringed, 
sheathed  tentacles,  situated  on  lobes  of  the  foot  surrounding  the 


mouth,  take  the  place  of  the  amis,  and  suckers  arc  not  pn'st^nt. 
In  the  males  thf  spadix  probably  ropa-sents,  functionally  at  least, 
the  hectocotylised  arm  of  the  Dibmnchiata. 

Nautilus  is  the  onlv  Cephalopod  that  has  any  head -appendages 
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in  addition  to  those  fomied  by  modification  of  foot ;  they  consist 
of  the  two  short  tentaclea  situated  on  each  side  near  the  eye.  In 
all  the  Dibranchiata  the  funnel  is 
a  comjiletf  tube.  In  the  Nautilus, 
on  tht;  other  hand,  as  we  have  seen, 
the  folds  which  form  the  funnel 
have  their  edges  merely  in  apposi- 
tion, and  not  united.  A  valve, such 
as  has  been  described  in  Sepia, 
i.H!curs  in  most  Becapoda  and  in 
Nautilus,  but  is  absent  in  the 
Octopoik.  Chranuitoiihoits,  similar 
to  thosi'  uf  Sepia,  are  universal  in 
the  Dibranchiata  but  absent  in 
Nautilus. 

SheU.— The  shell  of  Nautilus  is 
the  most  complete  and  yet  in  a 
ccrhiin  sense  the  most  primitive. 
As  already  stated,  it  is  an  external 
shell  of  a  spiral  character,  divided 
internally  by  septa  into  a  series  of 
chambers.  The  last  of  the  cham- 
bers is  occupied  by  the  body  of  the  animal :  the  rest  are  filled 
with  gas.    Perforating  the  middle  of  all  the  septa  in  succession  is 


P'lo.  OM),— AmpliUretiiB  peluleiu, 

w  OcMpod  vltb  the  vmH  united  by  a 

thoiuuitle.  (From  Coolie,' AfttrHoflu.) 


a  spiral  tube — the  sipkuncU — continuous  with  the  centro-doreal 
region  of  the  visceral  prominence.     In  the  course  of  its  growth 


PHYLUM   MOLUSCA 


the   body   of  the   Nautilus   shifts   forwards  at  intervals  into  i 


newly  formed  chamber,  and  a  new  septii 
latter  off  from  the  cavity  last  occupied. 
Of  existing  Di branch iata.  Spinila  alone 
has  a  shell  (Fig.  G51)  comparable  to  that 
of  Xautilus.  The  shell  of  Spirula  is  of 
spiral  form,  the  turns  of  the  spiral,  how- 
ever, not  being  in  close  contact.  In- 
ternally it  is  divided  into  chambers  by 
a  series  of  septa,  and  these  are  perforated 
by  a -siphiincle.  But  the  initial  chamber 
(protoconch)  instead  of  being,  like  the 
initial  chamber  in  Xautilus,  similar  to 
the  others  though  smaller,  is  dilate<l  into 
a  spherical  shape,  constricted  off  from  the 
succeeding  chamber,  and  has  passing 
through  it  a  tube — the  prtmphm — not 
continuous  with  the  siphuncle.  Again, 
as  will  be  seen  by  comparing  Figs.  (iSS 
and  652,  the  relation  of  the  soft  parts  to 
the  shell  is  the  reverse  of  what  obtains 


■.hell,  1  .         .- 

whlcb  !■  indlntMl  br  dot  lad 
lino,    (^luiu  Cooks.) 


in  Nautilus,  the  shell  of  Spirula  curving 
backwards,  that  of  Nautilus  forwards. 
Moreover  the  shell  of  Spinila  (Fig.  652) 
is  an  internal  structure,  being  almost 
completely  covered  by  the  mantle. 

The  shell  of  the  extinct  Ammonites  ( Fig.  6.W),  which  are  usually 
referred  to  the  Tetrabranchiata,  resembles  that  of  the  Nautilus  in 
many  respects,  being  a  chambered  spinil  shell  with  a  large  terminal 
chamber,  and  with  a  siphuncle.  The  chief  e.tlemal  difference  is 
in  the  form  of  the  sutures,  or  lines 
of  union  of  the  wlges  of  the  septa 
with  the  side  wall  of  the  shell :  these 
are  more  or  less  complexly  lobed,  in- 
stead of  being  entire  as  in  Xautilus. 
But  in  one  imixirtant  respect  the 
shi'll  of  an  Aiunn>nite  (liffers  from 
that  «(  Nautilus  and  appriMiches  that 
of  the  dibraiuhiati'  Spirula.  At  the 
ii|)ex  of  the  spiral  is  an  initial  cham- 
ber or  protoconch.  which  is  dilated 
and  sei»anite*l  from  the  tinst  of  the 
onlinary  chambtTs  l)y  a  constriction, 
and  has  passing  into  it  a  prosi]ihon  not  continuiais  with  the 
siphuncle.  The  Ammonite  was  also  characterised  by  tho  jxisses- 
sion  of  a  structure  sometimes  homy,  somi'tinns  calcaruims.  called 
the  trjili/cii us.  not  repifsented  in  any  i-.\isting  form.    The  aptychus. 
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which  waa  coiii[>oseci  r-f  twi>  parts,  seisms  to  have  been  of  the 
nature  of  an  opei-cuiiim  for  closing  the  mouth  of  the  shell. 
Young  Ammonites,  each  with  its  aptychus, 
have  been  fbnnd  within  the  shell  of  the 
parent,  in  which  they  must  have  remained 
prot^eeted  during  their  development. 

In  the  onlinary  decapod  Dibranchiata 
iho  shell  may  consist  of  three  parts — a 
homy  jien  or  pro-ostracum,  a  calcareous 
ffuard,  and  a  part  termed  the  phragmocone. 
The  last,  which  alone  represents  the  shell 
of  Spiridn,  has  the  form  of  a  cone  divided 
internally  by  a  series  of  septa  perforated 
by  a  siphnncle.  These  parts  are  most 
completely  developed  in  the  extinct  genus 
Belemnites,  in  which  the  shell  (Fig.  654) 
consists  of  a  straight,  conical,  chambered 
phragniocone  (pAr.),  with  a  si ph uncle,  en- 
closed in  a  calcareous  sheath,  the  guard, 
produced  into  a  homy  or  calcareous  plate, 
the  pro-nstracuni  (pen.).  In  Sepia  the  spine- 
like projecting  point  represents  the  guard, 
and  the  main  substance  of  the  shell  is  to 
be  looked  upon  as  the  pro-ostracum  and  phragmocone,  the  septa 
of  the  latter  being  represented  by  the  calcareous  lamelloe.  In 
LoHgo  (tht;  Squids)  the  shell  (Fig.  047,  li)  is  long,  narrow,  jtnd 


completely  horny;  it  eon-ea])onds  to  the  pi-o-ostracuni,  the  phrag- 
mocone being  entirely  absent. 

In  Odcqius  the  shell  is  represi-nted  only  by  a  jjair  of  rudiments 
with  which  muscles  are  cnnnected.    In  Argontnito  there  is  no  shell 
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in  the  male,  but  the  female  has  an  external  shell  (Fig.  655)  of  a  re- 
markable character.  This  is  a  delicate  spiral  structure,  the  internal 
cavity  of  which  is  not  divided  into  chambers.  It  is  not  secreted 
by  the  mantle  like  the  shells  of  other  Mollusca.but  by  the  surfaces 
of  a  pair  of  the  anns  ending  in  expanded  disc-like  extremities, 
which  become  applied  to  its  outer  surface  ;  its  chief  function  is  to 
carry  the  eggs. 

An  internal  cartilaginous  skeleton  is  present  not  only  in 
Sepia  and  Nautilus,  as  already  described,  but  in  all  the  Cephalo- 
poda. Such  an  internal  skeleton  occurs  in  other  groups — some 
Chaetopoda  (p.  438)  and  Arachnida  (p.  018),  but  attains  a  much 
more  elaborate  character  in  the  present  group  than  in  any  other 
Invertebrates. 

The  plume-shaped  gills^  lodged  in  the  mantle-cavity,  are  two 
in  all  the  Dibmnchiata,  as  in  Sepia.  In  the  Tetrabranchiata  there 
are  four  gills,  similar  in  general  chamcter  to  those  of  the  Di- 
branchiata.  Ospbradia  are  present  at  the  bases  of  the  gills  only 
in  the  former  sub-class. 

The  ccBlome  in  the  Dibranchiata  has  the  extent  already 
indicated  (p.  715)  in  the  case  of  Sepia,  excei)t  that  in  the  Octopoda 
the  oral  part  does  not  exist.  In  Nautilus  it  encloses,  besides  the 
heart  and  gonad,  the  vena  cava  and  a  j>art  of  the  glandular 
appendages  of  the  afferent  branchial  vessels.  In  the  Dibranchiata 
the  pericanlial  portion  communicates  with  the  nephridia :  in 
Nautilus  this  conununication  is  absent,  but  the  ccelome  opens  on 
the  exterior  by  two  symmetrical  orifices  placed  at  the  side  of  the 
openings  of  the  aboral  nephridia. 

Alimentary  Organs. — Jaws  similar  to  those  of  S^pia  are 
present  in  all  the  members  of  the  class ;  in  Nautilus,  instead  of 
being  completely  horny,  they  are  partly  calcified.  Buccal  cavity, 
cesophagus,  stomach,  intestine,  salivary  glands,  and  liver  are  all 
of  tne  same  general  character  throughout  all  the  memlK*rs  of  the 
class.  In  some  of  the  Dibranchiata,  such  as  Octopus,  there  aiv 
two  pairs  of  salivari/  glands.  In  Nautilus  the  siilivary  glands  are 
absent,  so  far  as  known,  the  oesophagus  is\iilated  to  fonn  a  sort 
of  crop,  and  the  stomach  is  gizzard-like.  In  that  genus  also  the 
ink-gland,  general  in  the  Dibmnchiata.  is  absent,  and  there  is  a 
<uecal  appendage  to  the  intestine  ;  the  liver  is  four-lobed,  each 
lobe  having  its  duct.  The  so-called  pancreas,  describeil  in  Sepia, 
is  similarly  developed  in  all  the  Dibranchiata,  and  is  present  also, 
though  only  feebly  developed,  in  the  Tetrabranchiata. 

Heart  and  vascular  system  are  well  developed  in  the 
CephalopiMJa,  and  their  structure  and  arrangement  cl<»sely  corre- 
spond with  what  has  been  described  in  Sepia,  except  tliat  in 
Tetrabranchiata  there  are,  as  alreadv  stated,  in  aeooitiance  with 
the  double  number  of  gills,  four  auricles  instead  of  two,  and 
branchial  hearts  are  absent. 


744  ZOOLOGY-  sect. 

Nervous  system  and  sense  organs. — The  ganglia  of  the 
central  nervous  system  are  in  all  closely  aggregated  together  round 
the  oesophagus,  as  already  stated  to  be  the  case  in  Sepia ;  and  the 
general  disposition  is  the  same  as  that  described.  In  Octopus  the 
ganglia  are  much  less  sharply  marked  off.  In  Nautilus,  as^ 
already  stated,  there  is  less  concentration,  and  distinct  ganglia  are 
absent.  All  the  Dibranchiata  possess  highly  developeid  eyes^ 
similar  to  those  of  Sepia ;  but  in  Nautilus  the  eyes  are  of  a  much 
simpler  character,  each  consisting  of  a  sac  opening  on  the  exterior 
by  a  small  rounded  aperture,  lined  internally  by  a  two-layered 
retina  similar  to  that  of  Sepia,  but  without  lens,  vitreous  humour,, 
or  cornea.  In  the  embryo  of  the  Dibranchiata,  the  eye  passes- 
through  a  stage  in  which  it  is  in  the  condition  of  an  open  cup 
similar  to  the  adult  eye  of  Nautilus.  Osjyhradia  are  present,  as- 
already  mentioned,  only  in  the  Tetrabranchiata ;  but  in  both  the 
Dibranchiata  and  the  Tetrabranchiata  certain  sensory  processes 
or  depressions  conjectured  to  possess  an  olfactory  function  are 
developed  on  the  head.     Otocysts  are  universally  present. 

All  the  Dibranchiata  have  two  nepbridia  similar  in  character 
to  those  of  Sepia,  and  communicating  with  one  another ;  in  Octopua 
they  are  completely  united.  In  the  Tetrabranchiata  there  are 
four  nephridia,  each  opening  on  the  exterior. 

The  sexes  are  distinct  in  all  the  Cephalopoda,  and  in  addition, 
to  the  hectocotyliscd  arm,  there  are  frequently  other  external 
differences  between  male  and  female.  In  all  the  Dibranchiata 
the  arrangement  of  the  gonads  and  gonoducts  is,  as  regards, 
general  features,  similar  to  what  we  find  in  Sepia.  In  Octopus, 
however,  there  are  two  oviducts  instead  of  one,  and  in  one  other 
member  of  the  Octopoda  {Eledoiie  moschata)  the  same  holds  good 
of  the  spermiducts. 

Development. — The  development  of  the  Dibranchiata  alone  is 
known.  The  eggs  are  very  large,  containing  a  relatively  large 
amount  of  food-yolk.  They  are  usually  laid  in  masses  or  strings 
embedded  in  soft  gelatinous,  or  tougher,  more  leathery  substance, 
usually  attached  to  some  foreign  body ;  in  some  cases  each  egg, 
enclosed  in  its  gelatinous  sheath,  is  attached  by  a  longer  or  shorter 
stalk.  A  chorion  or  delicate  transparent  egg-membrane,  in  which 
there  is  an  aperture — the  micropyle — immediately  invests  the 
egg  itself  In  shape  the  egg  is  oval  or  spherical.  The  greater 
part  of  the  comparatively  small  quantity  of  protoplasm  lies  as 
a  disc-like  elevation  on  the  surface  of  the  yolk  on  the  side  of 
the  egg  at  which  the  micropyle  is  situated.  Continuous  with  this 
germinal  disc  is  a  thin  layer  of  protoplasm — the  peripheral  proto- 
plasm— investing  the  entire  ovum. 

Segmentation  (Figs.  656  and  657)  is  incomplete,  being  confined 
to  the  germinal  disc.  At  an  early  stage  in  the  process  of  division, 
the  blastoderm  exhibits  a  distinct  bi-lateral  s^T:nmetry.     At  first 
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it  consists  of  a  single  layer  of  cells — the  edoiUrm.     Later  on  a 
thickening  is  observable  at  the  periphery,  due  to  the  development 
of  a   second   layer,  which   by 
degrees  extends  inwards  until  iJnf» 

it  comes  to  underlie  the  entire 
ectoderm.  This  second  layer 
is  commonly  termed  the  meso- 
derm, though  it  differs  from 
the  middle  layer  of  other  em- 
bryos in  giving  rise  to  the 
enteric  epithelium  of  the 
mesenteron.  The  ectoderm 
now  extends  rapidly,  and  even- 
tually encloses  the  entire  yolk. 
Below  the  second  layer  extends 
a  thin  stratum  derived  from 
the  peripheral  protoplasm,  con- 
tainmg  nuclei  which  appear  to 
have  been  previously  scattered 
through  th  yolk  th  s  s 
tenned  the  yolk  epithet  urn  (Fi 


p€>Sl 
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absorbing  the  yolk   ubstan<5e  for  the  benefit  of  the  developing 


ombrvo.     About  the  nu<ldle  of  the  blasiodonu  appears  a  thickening 
of  a  cap-like  shape,  the  edges  of  which  become  raised  above  the 
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general  level  of  the  blastodenii :  this  is  the  rudiment  of  the 
mantle.  On  the  surface  of  this  is  dtiveloped  a  depression  which 
subsequently  forms  a  closed  sac — the  shell-gland  (Fig.  659,  sh.gl.). 
Below  the  mantle — i.e.  nearer  the  vegetal  pole — appear  two  eleva- 
tions c-afh  with  a  pit-like  depression,  the  rudiments  of  the  eyes ; 
and  still  nearer  tne  vegetal  pole  a  series  of  paired  elevations. 
the  nidirnents  of  the  arms. 

After  the  complete  enclosure  of  the  yolk  by  the  blastoderm,  the 
mouth  {mo.)  is  developed  as  an  oval  depression  between  the  rudi- 
ments of  the  eyes.  Immediately  in  front  of  the  edge  of  the  mantle 
appear  two  shoi-t  ridges,  the  begmnings  of  the  gills  {cten.),  and  a  pair 
of  folds — the  jwsiei-ior  fiinnd  /olds  {post././.) — which  an>  formed 
between  these  and  the  eves — are  the  first  rudiments  of  the  funnel ; 


^hep 
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the  greater  part  of  which,  however,  is  formed  from  a  second  pair 
of  folds — the  anterior  funnel  /olds  (ant./,  f.) — developed  further 
forwards.  Behind  the  anterior  funnel  folds  appear  two  pit-like 
depressions,  which  subsequently  develop  into  the  otocysts. 

The  elevations  on  which  the  eyes  (eyt)  are  situated  become 
more  and  more  prominent.  The  eyes  themselves  are  formed 
from  a  pail  only  of  these  elevations :  each  is  a  pit  which  sub- 
eequently  becomes  closed — -to  form  a  vesicle — the  iyptic  vf&idt: 
later  an  ingrowth  of  the  ectoderm  over  this  gives  rise  to 
the  lens. 

The  embryo  covere  only  a  part  of  the  egg,  and  as  it  develops,  it 
withdraws  itself  more  towards  the  animal  pole,  at  which  the 
germinal  disc  was  originally  situated,  a  constriction,  which  soon 
become,*  very  deep,  sejtarating  it  off  from  the  rest  of  the  egg ;  the 
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latter,  cousisting  of  the  greater  part  of  the  yolk  enclosed  in  a  thin 
layerofblastoderm.fonnsarounaed  appendage  of  the  embrj'o — the 
yolk-sac  (yk.  s.).  The  yolk-sac  undergoes  contractions,  which  are 
due  to  the  action  of  contractile  cells  in  the  thin  mesoderm 
lining  it,  and  by  this  moans  the  yolk  is  forced  into  the  interior  of 
the'  body  of  the  embrj'o. 


^*-* 
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The  anns  apwars  as  an  aperture  situatwl  on  a  little  jHtpilla — thi' 
anal  pnpilla.  A  row  of  cilia,  which  aR-  devcKipixl  in  the  ntighbimr- 
hoiid  of  the  miiiitli  in  siinie  forms,  [">rha])s  ii-prescnt  thi'  vcliuii 
(ir  pnc-oml  circlet  of  other  nioiluscaii  I'lntuvus,  The  mantle  now 
increases  in  extent,  and  its  margins  iK-icme  more  proinirunt. 
The  anterior  funnel   folds  grow  out,  and  become  united  in  thr 


the  edges  of  the  two  folds  whkOi  form  the  fuiinal  remain  free 
eventually  they  coalesce  to  form  a  complete  tube. 
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The  edges  of  the  mantle  grow  out  into  prominent  folds  to  form 
the  mantle-cavity,  into  which  the  gills  are  drawn.  Lateral  out- 
growths have  already  formed  the  rudiments  of  the  fins.  The 
arms  grow  out  into  more  and  more  prominent  processes  on  which 
the  suckers  hecome  developed,  the  second  pair — the  prehensile 
anna  (ar.  2) — soon  hecominp  distinguishable  from  the  rest  by  its 
greater  length. 

As  the  embryo  increases  in  size,  the  yolk  becomes  gradually 
absorbed,  and  the  yolk-sac  decreases  in  bulk,  until,  when  the 
embryo  leaves  the  egg,  it  has  almost  completely  disappeared. 


XHltiibution. — The  Cephalopoda  are  all  marine,  and  range  from 
tidal  limits  to  a  considerable  depth.  A  krge  nimiber  are  pi'lagic. 
They  aw,  nearly  without  exception,  carnivorous.  In  length  they 
range  from  an  inch  or  two  to  as  much  as  fifty  feet — the  gigantic 
raembere  of  the  group  such  as  Architenthis,  being  by  a  long  way 
the  largest  of  invertebrate  animals.  Like  the  other  classes  of 
Mollusca  they  are  most  abundant  in  tropical  and  warm  temperate 
seas. 

If  the  Aninioniti's  are  to  be  included  among  the  Tetrabran- 
chiata,  that  sub-class  was  most  abundantly  represented  during 
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the  mesozoic  period.  The  nautiloid  Tetrabranchiata  were 
most  abundant  in  the  palaeozoic  epoch,  during  which  there 
lived  a  great  \^riety  of  forms  of  this  group,  some  having  the 
shell  straight  (Orthoceras\  or  curved  {Phra^i'Oceras)y  or  in  a  flat 
spiral  with  the  turns  not  in  contact,  or  in  a  helix,  or  a  flat  close 
spiral  (Nautilus,  and  others).  The  earliest  representatives  of  the 
Nautiloids  are  found  in  rocks  of  Cambrian  age ;  they  are  com- 
paratively scarce  in  the  mesozoic  epoch  and  in  the  tertian* ; 
and  are  represented  at  the  present  day  only  by  the  genus 
Nautilus  itself  The  Ammonites  are  mainly  mesozoic,  the  repre- 
sentatives found  in  the  earlier  rocks  (fix)m  the  Upper  Silurian 
onwards)  being  few  in  number  and  simpler  in  structure  than 
the  more  t\'pical  later  forms.  The  oldest  fossil  representatives 
of  undoubted  Dibranchiata  belong  to  the  extinct  order  of  the 
Belemnites,  which  flourished  in  the  mesozoic  period  £ix>m  the 
Trias  to  the  Cretaceous,  and  sunivcKl  in  scantv  number  into  the 
Tertian'.  Unlike  the  Tetrabranchiata,  the  Dibranchiata  would 
appear  to  have  reached  their  maximum  at  the  present  day. 

The  mutual  relationship  of  the  various  groups  of  Cephalopoda 
are  indicated,  as  nearly  as  the  information  .it  oui  disposal  will 
allow,  in  the  folloM-ing  diagram  (Fig.  6G3). 

Decapoda 

B«l«mnifes 
NauHloids         \    /  ^Ocropoda 
Ammonites 


Fic.  rH>3. — Diagram  to  illustrate  the  relatiouships  of  the  gTxmjwi  of  Cephalopoda. 


General  Remarks  on  the  Mollusca. 

The  Mollusca,  like  the  Arthropoda,  form  an  extremely  well- 
defined  Phylum,  none  of  the  adult  members  of  which  approach 
the  lower  groups  of  animals  in  any  marked  degree.  There  are, 
however,  clear  indications  of  affinity  with  **  Worms,"  especially 
in  the  frequent  occurrence  of  a  trochosphere  stage  in  develop- 
ment, in  the  presence  of  nephridia,  and  in  the  occurrence,  m 
Amphineura  and  some  of  the  lower  Gastropods,  of  a  ladder-like 
nervous  system  resembling  that  of  some  Turbellaria  and  of  the 
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most  worm-like  of  Arthropods,  Peripatiis.  Rhodope,  moreover, 
shows  certain  affinities  with  Flat-Wonns.  The  head-kidneys  or 
primitive  nephridia  of  the  moHuscan  are  practically  identical 
with  those  of  the  annelid  trochosphere  and  are  probably  homo- 
logous with  the  various  tj^es  of  nephridia!  tubes  found  in  worms 
from  Platyhelminthes  to  Chaetopoda.  From  developmental  con- 
siderations it  appears,  however,  that  the  permanent  renal  organs 
of  Molluscs  correspond  not  with  the  actual  nephridia  of  Worms 
but  with  their  oviducts ;  in  other  words,  that  they  arc  meso-  and 
not  ectonephridia. 

The  fact  that  there  is  usually  a  single  pair  of  nephridia  and  of 
ctenidia  seems  to  indicate  derivation  from  a  group  in  which  meta- 
merism had  not  arisen  ;  the  segmental  arrangement  of  the  shells 
and  gills  of  Placophora  appe<ars  to  be  a  specialised  character  of 
that  group  and  of  no  phylogenetic  importance. 

The  lowest  members  of  tne  phyhim  are  undoubtedly  the  Proto- 
branchia  among  Pelecj'pofls  and  the  Aplacophora  among  Amphi- 
neura.  The  latter  take  the  lowest  rank  in  virtue  of  the*  absence  of 
both  foot  and  shell,  but  the  possession  of  an  odontophore  indicates 
a  comparatively  high  degree  of  specialisation.  On  the  other  hand, 
while  there  is  no  indication  of  an  odontophore,  even  in  a  rudi- 
mentary condition,  in  the  Pelecypoda,  the  foot  and  shell  are  well 
developed  even  in  Xucula  and  its  allies.  There  is  no  actual 
evidence  to  show  that  the  foot  and  shell  have  been  lost  by  degenera- 
tion in  the  Aplacophora  or  the  odontophore  in  PelecyjHHJa,  and  it 
would  apjK*ar,  therefore,  that  the  two  groups  are  to  be  derived 
independently  from  some  ])rimitive  form. 

The  facts  that  the  pelecypod  shell,  at  its  first  appearance,  is 
univalve,  that  the  foot  of  the  Protobranchia  is  of  thu  creeping  tj^pe 
and  their  ctenidia  plume-like,  suggest  the  derivation  of  the 
class  from  a  form  resembling  a  simj)le  type  of  Gastro|x>d  with  no 
odontophore  and  with  undisturbed  bilateral  symnu'try.  The  Amphi- 
neura  are  also  bilatenillv  svmmetrieal,  with  i>iure<l  ctenidia, kidnevs, 
and  auricles,  and  the  fact  that  these  organs  are  also  juiired  in  the 
lower  Gastropoda,  seems  to  point  to  a  common  ancestor  for  Pele- 
cypods,  Amphineuni,  and  GjustrojKKla,  which  was  bilaterally  sym- 
metrical, had  a  creeping  foot,  a  simple  shell,  juiirtK^l  auricles, 
kidneys,  and  gills,  and  no  odontophore. 

While  the  leading  feature  in  the  evolution  of  the  PelecyjH)da 
has  been  the  splitting  of  the  mantle  into  two  halves  and  the 
resulting  bivalve  shell,  the  most  noticeable  fact  in  that  of  (ijistro- 
poda,  apart  from  the  appearance  of  the  odontophore,  has  lx*en  the 
torsion  of  the  visceral  mass,  producing  a  characteristic  asymmetry. 
In  the  Cephalopoda,  on  the  other  hand,  the  primitive  bilateral 
symmetry  is  retained,  and  the  most  characteristic  sjK'cial  feature 
of  the  group  is  the  extraordinary  nuKJification  of  the  foot  into  arms 
or  tentacles  and  funnel.     The  class  is  raised  far  above  the  remain- 
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section  of  an  arm,  849  :  Vascular  and 
nervous  syntems,  35<» :  Structure  of  the 
disc,  IV»1  :  llo<ly-wall  and  cndome,  Ii51  : 
Digestive  sysCem,  868:  Amlmlacral 
system,  354:  ()voi<l  gland,  354:  Re- 
pnxluctive  system,  366 :  Systematic 
l)osition,  3vS<» 

A^fn-iiin,  development,  :C>8.  869,  890, 
861,  :M2 


Asteroidea,  Example,  346 :  Development, 
358  :  Distinctive  characters  ami  classi- 
fication, 378 :  Apical  system,  384 : 
Modifications  of  form,  384 :  Ctvlome, 
392  :  Ambulacral  system,  393  :  Bloo<l- 
vascular  system,  394 :  Enteric  canal, 
394 :  Nervous  system,  395 :  Repro- 
ductive organs,  395 :  Development, 
397  :  Ethology-,  399 

Asfnfa,  186,  194 

AsfrophyfoHy  887 

Astrosphere,  16* 

Atlmita  jHroniif  689 

Atrochal,  445 

Attraction-sphere,  16* 

Auditory  organs,  37 

A  n/nrfinium  artinaMfnttn,  60 

Anlostomn^  476,  481 

ArRELiA  ATRiTA,  External  character- 
istics, 15(),  157  :  Digestive-cavity  and 
canal  system,  158,  169:  Cell-layers, 
158 :  Oionads,  158 :  Muscular  and 
nervous  systems,  160 :  Sense-organs, 
160 :  Development  and  life-historv, 
164^  161,  162,  \iu\'.  Systematic  posi- 
tion, 1(54 

Auricle,  of  heart,  34 

Auricles,  of  sea-urchin,  366 

Aurirnlaria,  372,  897,  398 

Anfo/yfifM  conmtuM^  AM\ 

Avicularium,  314,  816,  324 

Axes,  40* 

Axial  fibre,  83 

Axial  sinus,  355 

Axis-cylinder,  27,  2S 


B 


R 


ALANTS,  522,  634 
Rarnacles,  632,  54S 
Ikirrier  reef,  197 
Risid  i>la,te,  4»f  eonil,  \\Y1\  198 
Bdelloida,  303* 

lid' linn rn,  2^ 

Ik'iir-animalrules,  (J26 

Bee-jMirasites,  (»<>2 

IWes,  .kS7,  5S9,  59S,  {)^^*^ 

Ik'etles,  5S7,  51U 

Belenniites,  7;^»,  742 

Benthos,  .s 

iiinnirt,  139 

H*roi\  211  :  StH.tion,  214 

Beroida,  JikS,  211 

Bilateral  svmmetrv,  39*,  41 

Bile,  32 

Bilhnrun  htnnntoh'nnn^  2t»5 

Binomial  nomenrlature,  1* 

Biology,  1* 

Bionomics,  9 

/iifftHtnn^  240 

liipinnnrin^  361,  397 

Binl-lice,  6<»2 
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Birr/ns,  523,  549 

Biviuni,  348,  366  :  of  Sea-cucumber,  369 

Black  coral,  182 

Blastocoele,  20* 

BUstoidea,  380 

Blastomeres,  20* 

Blastopore,  21* 

Blastosphere,  20* 

Blastostyle,  of  Ohelia,  119,*  120:  Septo- 
linie,  140 :  PorpUay  153 

Blastula,  20* 

Blatta — See  Periplaneta 

BlcUiidiV,  587 

Bloo<l,  32 

Bloo<l-va,^cular  systein — See  Vascular 
system 

Blood-vessels,  32 

Blow-flies,  586 

Blue  coral,  182 

Body-cavity — See  C<f  lome 

Body-wall,  of  Sea-anemone,  175  :  Jlormi- 
phora,  202 :  Liver-fluke,  226 :  Platy- 
helminthes,  248 :  Nemertinea,  269 : 
Ascaris,  276:  Nematoda,  283:  Chajto- 
gnatha,  293 :  Brachionns  nihensy  300  : 
Buffula,  316:  Ectoprocta,  323:  Magel- 
Jania^  335  :  Asttrias^  351  :  Sea-cucum- 
ber, 370 :  NertiSy  408 :  Eiarthwomi, 
419:  Ch%topoda,  434:  Sipuncultut,  451 : 
Gephyrea,  456  :  HirudOy  467 :  Aptniy 
489  :  AniacuSy  504  :  Crustacea,  547  : 
Peripatusy  561  :  Myriapoda,  569  :  In- 
secta,  588 

Bojanus,  organs  of,  640 

Bofina  hydatinay  21 1 

Bone,  25*,  26 

Bone-corpuscles,  25* 

Bonelliay  455,  456,  458,  460 

Book-cills,  621 

Book-lungs,  608,  619,  621 

Book-scorpions,  611 

Bopyriniy  546,  547 

BopyruSy  524 

Bot-fly,  586 

BothriocephaliiSy  256,  259 

Bothriocephalna  latuSy  265 

Botryoidal  tissue,  of  Leech,  467 

Bongainiil/eay  133,  134,  140 

Brachial  disc,  of  Discomedusa^,  171 

Brachiolaria,  397 

BrachionidfJty  304* 

Brachionusy  307 

Brachioxcs  RUBENS  :  External  charac- 
ters, 299,  300:  Body-wall,  300:  Di- 
festive  organs,  300,  801 :  Oelome,  301 : 
Ixcretory  system,  301  :  Nervous  sys- 
tem and  sense  organs,  301  :  Reproduc- 
tion and  development,  302 :  Systematic 
position,  304 

BracMopoda,  331  :  Example,  321  :  Dis- 
tinctive characters  and  classification, 
337  :  Systematic  position  of  example, 
338:  General  organisation,  338  :  Shell, 


338,  339  :  Peduncle,  339:  Lophophore, 
339 :  Muscular  system,  339 :  Enteric 
canal,  340 :  Heart,  340 :  Nephridia,  340 : 
Nervous  system,  341  :  Gonads,  341  : 
Development,  341  :  Distribution,  342 

Brachyuruy  523*,  539 

Bract,  489 

Brain,  36 

Branchtlliony  475,  476,  477,  481 

Branchiftf,  33*  :  of  Asterias,  347 :  Sea- 
urchin,  364:  PolychiBta,  433,  484: 
01igocha?ta,  434 :  Branchellion,  475, 
477  :  Astacus,  507,  506 :  Crustacea, 
548 :  Ano<ionta,  636,  637,  638  :  Pelecy- 
poda,  653:  Triton,  676,  677:  Gastro- 
poda, 690 

Branchial  formula,  of  Astacusy  &c.,  549 

BranchipuSy  521,  526 

Branchiura,  522*,  528 

Brine -shrimp,  526 

Brood-pouch,  527 

Buccal  cavity,  30 

Buccinum  nndattimy  671 

Budding,  38* — See  Asexual  reproduction 

Budding,  in  Turbellaria,  240 

Buffon,  5 

Bugs,  585,  591,  602 

Bugnlay  320 

BudULA  AVicuLARiA,  314,  815  :  Body- 
wall,  316  :  Ca?lome,  316  :  Alimentary 
canal,  317  ;  Nervous  system  ;  Repro- 
ductive organs  ;  Development,  817, 
818  :  Systematic  position,  320 

But/ula  jJumowty  817 

Bunycoiiy  699 

BuTHUS,  604 :  External  features,  605 : 
Digestive  system,  607,  608,  009 :  Cir- 
culatory  organs,  607,  608  :  Organs  of 
respiration,  608  :  Nervous  system,  608, 
609  :  Organs  of  special  sense,  609  :  Re- 
proiluctive  organs,  609  :  Development, 
610 

Butterflies,  587 

Byssus,  645,  653 

Byssus-gland,  645,  652 

Byssus,  provisional,  644 


c. 


C 


/ADDIS-KLTf>*,  585 

Calcarea,  103*,  111,  112,  115,  116 
Calcareous  spicules,  of  Sponges,  98,   99, 

111,  112 
Calciferous  glands,  421 
CalfiauirUy  209 
Callitiaray  189 
CaJocalannjiy  529 
Calotte,  317 

Calynma,  of  Radiolaria,  58 
Calyptoblastea,  133* 
Cambrian,  7 
Canalicula;  (bone),  25 
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Canals,  Haversian,  25,  86 :  of  Medusa, 
12o,  186 

Canal  system  of  Sponges,  108,  109 

Canrer^  524,  640 

Cannostoma,  164*,  169,  170,  171 

Capillaries,  33* 

Capillitiuin,  of  Mycetozoa,  62 

Caprella,  524,  545,  546 

Ca  tubus  auratwi,  598 

Carapace,  of  ApuM^  485  :  of  A  ntacus,  498 : 
of  Scorpion,  6()5 

Carboniferous,  7 

Cartliac  sac,  of  Polychieta,  437 

Cardinm,  647,  652 

Carina,  of  Cirripedia,  533 

Carinaria  fnediferranea,  687 

Cartilage,  24*,  85 :  Hyaline,  24,  85 : 
Fibrous,  24,  85  :  Yellow  elastic,  24  : 
Calcified,  25 

Carvophvll-«us,  847,  256 

Cauilal  spine,  617 

Caudal  styles,  of  ApuMy  485 

Cell,  animal,  14,  15* 

Cell,  14,  15*,  17  :  Forms,  21  :  Ciliated, 
21,  43  :  Flagellate,  21,  43  :  Amctboid, 
43 :  Encyste<l,  43 

Cell -colony,  50 

Cell -division,  16,17 

Cell-wall,  15 

Celltjtora,  32t) 

Cellulose,  14 

Centipedes,  567,  568 

Central  capsule  of  Radiolaria,  58 

Central  nervous  system  of  Meduwi>,  138 

Centro-dorsal  ossicle,  of  AnUdoiij  374 

Centrolecithal,  207,  496 

Centrosome,  15* 

Cephalic  apodeme,  of  ApiiJ*,  491  :  of 
Astanm^  499 

Cephalopoda,  631,  708.  Examples,  7U8, 
725 :  Distinctive  characters  and  classi- 
fication, 736 ;  Systematic  position  of 
the  examples,  737  :  (teneral  organisa- 
tion, 737  ;  External  features,  737,  738, 
789,  740  :  Shell,  740,  741,  748 :  Inter- 
nal skeleton,  743:  (iills,  743:  Oa- 
phradia,  743 :  C<i*lonie,  743  :  Ali- 
mentary orgauN,  743  ;  Heart  and  vas- 
cular Kvstem,  743 :  Nervous  svstein 
and  sense-organs,  744  :  Nephridia,  744  : 
Development,  744,  745,  746,  747,  748, 
749  :  Distribution,  Ac,  749 
Cephalothorax,  of  Affaru^f  498 
Cerata,  693 

CtmflteM  noilo^luSf  741 

Ctrttfinmy  74 
Ceratosa,  116 
Cenaria,  830*,  231,  2.*)9 

Cerci,  574 

CtnnnfhHt^  187,  1«9 
Cervical  fold,  of  Ajuim,  4Sr» 
Cervical  gnxive,  of  A  Htanm^  498 
Cervical  sclerites,  588 


CosUda,  2<)8*,  810 

Cestoda,  2:^8',  245,  846,  247,  253,  254 
256 

Cestode,  <levclopment,  259,  260 
CtMfKH  rt- lie  rift  f  810 
Chirtwknna,  663,  664.  665,  666,  668 
Ch(HotjnM*(i^  446 

Chntog^atha,  275*,  293 :  External  cha 
racters,  898  ;  Body-wall,  293  :  Enteric 
canal,  893,  294  :  Cadome,  894 :  Ner- 
VOU8  svstem,  894 :  Sensory  organs, 
895  :  Reproduction,  295 :  Develop- 
ment, 895 
Chn(o»ofniif  311 

ChflBtopoda,  44)3:  Examples,  404,  417: 
Distinctive  characters  and  classifica- 
tion, 426 :  Systematic  position  of  ex- 
amples, 428 :  (general  organisation, 
429  :  (General  foim,  489,  480  :  Para- 
{Mxlia  and  setas  480,  481  :  Branchiae, 
43:),  434  :  Cu'lome,  435 :  Enteric  canal, 
435,  486  :  Bloo<l- vessels,  436  :  Nervous 
system,  437  :  Organs  of  special  sense, 
4*38  ;  Organs  of  excretion,  440  :  Repro- 
tluctive  organs,  441 :  Development, 
442  :  Asexual  reproduction,  446  :  Mocle 
of  life,  Ac,  447  :  Appendix,  448 

Cha>to«omitbry  296,  297 

Chalk,  55 

Charyhbtfi  marttnpialUf  166,  168 

Cheilostomata,  320 

Chebe,  5<M>* 

Chelicenv,  (i^Ki,  613.  615,  616,  617 

Chf/if'*r  hrtiiriitiit  618 

Cheliiwds,  500* 

Chilaria,  617 

Chilopoda,  5()7,  568,  569 

ChironomtiM^  595 

Chitin,  29 

Chiton,  631,  (k>:{,  ()t>4,  665,  666,  667,  669, 
670 

Chlmnydomyxit,  48,  49,  50 

Chi  on  t-m  iti'  * ,  43() 

('hloragen  cells,  421 

Chlorophyll,  14,  64 

Choanoflajrellata,  65*  :  (general  structure, 
78  :  Collar,  72 :  Colonies,  78 :  Repro- 
duction, 73 

ChoHflntrnnthnM^  522,  53* ),  681 

Chorion,  of  (Vphalopo<la,  744  :  of  Insects, 
599 

Choriitida,  116 

(Miroinatin,  15 

(.'hn>inatophc)res,  of  Sepia,  711:  of 
('ej)haloj)oda,  740 

ChrvHiilis,  (iihj 

ChvliHc  ventricle,  577 

Cv'ivln,  585,  597 

Ct'hriM,  393 

Cilia,  21* 

Ciliarv  Hanies,  858  :  process,  72«» 

Ciliata,  S2*  :  Form  of  IkhIv,  S-H,  85.  86, 
87,  88,  89  :  Stalk,  83,  86,  87  :  Arrange- 
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ment  of  cilia,  83,  86 :  Undulating 
membranes,  83 :  Meganucleus,  84  : 
Micronuclei,  84  :  Contractile  vacuole, 
84,  85  :  Non-contractile  vacuoles,  84  : 
Trichocysta,  84 :  Digestive  apparatus, 
86 :  Skeleton,  lorica,  86,  87  :  Oper- 
culum, 87  :  Colonies,  88 :  Reproiiuc- 
tion,  88,  89  :  Conjugation,  90 

Ciliated  chambers,  109 

Cinclides,  176,  188 

Circulation — See  Vascular  system 

Circulatory  system — See  Vascular  system 

Cirri,  403* 

Cinipedia,  522*,  534,  547,  550,  551,  552 

CUttlla,  339,  840,  341 

Cladocera,  521,  526.  547 

Class,  4* 

Classification,  3*,  5  :  of  Rhizopoda,  45  : 
Mastigopliora,  65  :    Sporozoa,  76  :   In- 
fusoria, 82  :  Porifera,  103  :  Hydrozoa, 
131  :  Sc^'phozoa,  164:  Actinozoa,  181 
Ctenophora,  207 :  Platyhelminthes,  237 
Nemertinea,    273  :     Nematoda,    281 
Rotifera,  303  :  Polyzoa,  319  :  Brachio 
poda,      337  ;      Echinodermata,     377 
Chjutopoda,     426  :     Gephyrea,     454 
Hirudinea,   474 :   Crustacea,  519 :  In 
secta,  583:    Arachnida,  611  :    Pelecy 
poda,  645  :  Amphineura,  663  :  Gastro- 
po<la,  682  :  Cephalopoda,  736 

Clafhrozooiif  136 

Clathrulina^  67 

Clamftlla,  186 

Cleaning  foot,  536 

Clep^im,  476,  476,  477,  479 

CHona,  116 

Clitellum,  417,  467 

ClyptaHttr  subdepresaufi,  390 

Clypeaitridea,  379 

Clypeus*,  572 

Cnidoblast,  123* 

Cnidocil,  124* 

Coccidit't  598 

Cocoidiidea,  76*  :  Characteristic  features, 
78 

CoccUlium^  78 

Cockchafer,  594 

Cockles,  631,  647,  661 

Cockroach — See  PcrijAantta 

Cockroaches,  584 

Cocoa-nut  crab,  549 

CodoncUa,  86 

CcBlenterata,  Classes,  118  :  Relation- 
ships, 213-216 :  Appendix,  216  :  Rela- 
tionships to  Sponges,  215 

Co^lome  and   body  -  cavity,    of  Amaris^ 
279  :  Nemato<la,  284  :  Acanthocephala, 
290:  Cha-tognatha,  294:  ^f/.7M/a,316 
Kndoprocta,     326  :      Phoroitui,     328 
Maudkinia,  336:  AMerian^  351:  Sea 
urchin,      368 :      Sea-cucumber,      371 
Aut*:dony   374 :    Echino<lennata,    392 
Nereitt,  406  :  Chajtopoda,  435  :  Sipnn 


cuhuiy  452 :  ApuSj  489 :  Crustacea, 
547 :  PtnpatuA,  561  :  Insecta,  591  : 
AnodoiUay  635:  Amphineura,  668: 
Sepiay  715  :  Cephalopoda,  743 

Caloplana,  212,  266 

Ca^nenchjTiia,  194* 

Cytfnosarc    121 

Coleoptera,  587,  589,  596,  598,  602,  605 

Collar  of  choanofiagellata,  72 

Collared  cells,  98,  99,  100* 

Collared  monads,  78 

Colleterial  glands,  597 

Coliozounij  69 

CoLOCHiRUS,  369 :  General  external  fea- 
tures,  869 :    Structure  of  body-wall, 

370  :  Ambulacral  system,  370  :  Ner\'e- 
ring,  370  :  Vascular  ring,  370  :  Coelome, 

371  :  Enteric  canal,  871,  372 :  Repro- 
ductive   organs,    372 :    Development, 

372  :  Systematic  position,  381 
Colony,     38*  :     of     Foraminifera,     50 : 

Heliozoa,  56 :  Radiolaria,  59 :  Flagel- 
lata,  68  :  Choanofiagellata,  73  :  Ciliata, 
88:  Tentaculifera,  92:  Obelia,  119: 
Septolina?,  132  :  Actinozoa,  183  :  Poly- 
zoa, 313 :  Bugula,  314 :  Ectoprocta, 
321  :  F^ndoprocta,  327 

Col  poda,  89 

Columella,  of  Coral,  192*,  198  :  of  Triton, 
672 

Comb- jellies,  118 

Combs,  of  Ilormtphora,  200,  201 

Commensalism,  in  Sponges,  116 :  Hy- 
dmrfiiiiay  1 34  :  Actinozoa,  195 : 
Platyhelminthes,  264:  Cha*topoda,  447 : 
Crustacea,  555 

Complemental  males,  551 

Conchiolin,  634 

Condylofffoma,  86 

Cones,  684 

Conjugation  of  Ciliata,  90  :  of  Flagellata, 
70  :  of  Patyjiinacium,  81 

Connective  tissue,  23*  :  Gelatinous,  23, 
24  :  Fibrous,  23  :  Retiform,  23,  24 

Connective  tissue  cells  of  Sponges,  102 

Contractile  vacuole,  11,  44,  79 

Contractilitv  of  muscles,  26,  35 

CoHHs,  699  " 

Conrohifa,  240,  250 

Copepoda,  522*,  528,  551,  552 

Coral,  Aporose,  194:  Black,  182:  Blue, 
182:  Fossil,  197:  Organ  pipe,  182: 
Perforate,  194 :  Red,  182,  197  :  Reef- 
building,  197 :  Stony,  182 

Coral  limestones,  197 

Coral  reefs,  197 

Corallite,  192* 

Comllinm,  184,  186,  190,  197 

Corallum,  192* 

Cordylophoiti^  155 

Cornea,  720 

Corona,  of  Polyzoa,  317  :  of  Sea-urchin, 
304 
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Ck>i'pu8cle8,  28  :  amoeboid,  28 

Cortex,  of  Paramecium,  79 :  Sponges, 
102,  110 

Coryomorpha,  187 

Couplers,  530 

Covered-budded  Hydroids,  133* 

Cowries,  684 

Coxal  glands,  of  Peripahuf,  562  :  of  Scor- 
pion, 609  ;  of  Arachnida,  618 

Crabs,  537,  640,  541,  549,  553,  556 

Crane-flies,  586 

Crangon,  523,  588 

Crania,  337,  889 

Crayfish,  498 

Crayfishes,  537,  550,  554 

Cretaceous,  7 

Crinoidea,  example,  373 :  Distinctive 
characters  and  classification,  380 : 
Modifications  of  fonn,  391  :  C<elome, 
392  :  Ambulacral  system,  393  :  Blood- 
vascular  system,  394  :  Enteric  canal, 
394  :  Nervous  system,  395  :  Reprotluc- 
tive  organs,  395 :  Development,  398 ; 
Ethology,  399 

Criocervt,  587 

Crma,  320 

Cristate/fa,  321,  328 

Crop,  30 

*  Crustacea,  484  :  Example  n,  484  :  Ex- 
ample h,  498  :  Distinctive  characters 
and  classification,  519 :  Systematic 
position  of  the  examples,  524  :  (General 
organisation,  525  :  External  characters 
and  structure  of  appendages,  525 : 
Textureof  theexoskeleton,  547  :  B<xly- 
cavity,  547  :  Enteric  canal,  547  :  Res- 
piratory organs,  548 :  Heart,  550  : 
Excretory  organs,  550 :  Nervous 
system,  *  550  :  Sense-organs,  551  :  Re- 
production, 551  :  Development,  551  : 
Ethology,  554  :  Afiinities  and  mutual 
relationships,  556  :  Appendix,  558 

CrypfomotiaSj  66 

Cryi)toniscus^  546,  547 

Crystalline  style,  6i^6 :  of  (iastrojioda, 
692 

Cttmirin,  139 

Ctenidium,  645,  640,  a")3,  664,  665  :  of 
Triton,  676 :  of  (iastropoila,  693 

Ctenophora,  IIS*,  198:  Example,  19S : 
Distinctive  characters  and  classiHca- 
tion,  2t>7  :  Systematic  position  of  the 
example,  2<l>8  :  (leiienil  organisation, 
209,210,211:  Api»endix,  212:  Re- 
lationships, 214,  215 

CttnojJnna,  212,  266 

Cttnopt^ri/x,  7.W 

Cteaoitomata,  320*,  321 

CubomediuflB,  U*>4*,  I(><) 

Curn inn rin  — See  Cofo^h iru > 

Cul'X,  5!N» 

Citnvi,  524 

CamMea,  524*,  543 


Cnvarcha,  143 
Cnniua,  155 
Cu  n  ina  jki  ranit  ica,   1 44 
Cup-coral,  192 
Curaoria,  5161 
Cuticle  29* 

Cuttle-fisl,  631,  708,  736 
Cuvier,  3 

Cuvieran  organs,  394 
C yam  It  a,  524,  545,  546 
Cyc/oM,  660 

Cyclops,  5-22,  528,  529,  55<',  551 
Cycloitomata,  320 
Cydippida,  208*,  209 
Cymofhoft,  551 
Cymothoe,  52*1,  546 
Cynijdihi',  598 
Cypnt'a,  687 

CypriH,  521,  527.  628,  550 
Cyprin  stage,  of  Cimpedes,  552 
Cyst,  of  Am<tfta,  44  :  Eiujltna,  64 
Cyfitictrcoid,  260,  261 
CystictrcuH,  286,  261 

Cyitoflagellata,  definition,  65 :    Charac- 
teristic features,  74 
Cyntoitlea,  380 
Cythtre,  521,  527,  528 
Cytoplasm,  15 


D 


1) 


.\<TVL(U'<>Rv:s,     of     Mifh]X)nt,     146 

Stylnst^r,  147 
Dactylozooids,  138*,  of  MifUfwra,  146 

Sfyia.Hftr,  147:  HaliMtcmma,  148,  149 
Da<hly  long-legs,  586 
Dahlia  wartlet,  172,  173 
I)n//imftria,  66 
Dnhnmiitis  sorinlis,  568 
Daphnift,  521,  52<),  627 
Darwin,  6 
Ihtsyrhou*^  4.SS 
Daughter-cell,  IS 
Duughter-chromosomes,  10 
Daughter-cysts,  2t)2 
Daughter-nucleus,  17 
Daughter-segments,  10 
Duy-Hies,  51  >2 
Dead  UJen's  fingers,  IS2 
Ih(^i}iffht^  523*,  537,  548,  55<>,  551 
IhrniPO^Jn  (Cephalopoda),  736*,  7:W,  74n 
l)egenerati(m,  in  Copepoda,  53<»:    in  Cir- 

ri})edia,  5.34  :  in  Isopotla,  547 
/>/io/>ffi,  2<K),  210 
/>/  /«///•»><v^/H//i--^>ee  Plannria 
J)*  ntiiyM'iHmft  x,  71 
IhutirophyUin,  194 
IhwIroHoma,  91,  Ihi 
Ihutnliinn,  7<>5,  706,  7<»7 
Denn  (derin.s),  29* 
Dermal  branchia*  of  Echinoidea,  liSO 
Dennal  branchite,  347,  393 
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Dennal  cortex,  102*,  110 

Dermal  pores,  347 

Dtmiapteray  687 

DesmoscolecidtVf  296 

De^nioscolex,  297 

DesmoipongiflB,  103* 

Deutomerite  of  Gregarina^  77 

Development, of iSy cow,  1 13, 114:  Sponges, 
115:  Obelia,  129,  180:  Septoiiiw,  141 
T'i-achyHiuf,  144:  AnreHa,  160,  161 
162:  Sea-anemone,  179:  Hormiphora 
204 :  Diryemidit,  217,  218  :  KhopcJuira 
219:  Plajiaria,  225:  Liver-Fluke,  229 
280:  To-nia,  236:  Platyhelminthes 
256  :  Nemertinea,  272,  273  ;  AnrariH 
280:  Nematoda,  286,  287:  Chwto 
gnatha,  295  :  Brarhioiins  ruhensj  302 
Rotifera,   309:     Bvfjula,   817:     Ecto 

Srocta,    325 :      FhorontH,     329,     880 
TachioTKKla,  341 :  A 

Sea-urcnin,  368 : 

Antedoiiy   377, 

396,  397:  .Verew,  -'* 

hricm,   425,   426: 

Gephvrea,    459,    • 

Hiriulinea,  479 :  . 

515 :   Crustacea,  . 

563,  564,  565  :   M 

7>/a7<6/a,  580  :  Scoi  ^ 

648 :   Pelecypoda,  658  :    Amphineura, 

668 :    Gastrop(Kla,   698 :    Scaphopocla, 

706  :  Cephalopoda,  744,  755 
Devonian,  7 
DiastyliH,  524,  543 

JXbran^hiaia,  736*,  737, 738,  740, 743, 744 
Dicerott,  651 
Dichyocynta^  86 
Dicytma,  216,  217,  218 
Dkytmidiv,  216,  217 
Didiniuvit  85 

DiDVMIUM   DIFFORME,  61,  62 

DidymograptUMf  155 

Diflferentiation,  21* 

Difflugia,  48 

Digeaetica,  238*,  250,  253,  256 

Digestion,  intracellular,  31 

Digestive  glands,  31 

Digestive  system,  30 

Digestive  system,  of  ParanKtrittmy  86 
Aurefia,  157,  158,  169:  Sea-anemone 
174,  175  :    Hormiphora,  199,  200,  201 
Plaum-ia,  222,  228  :  Liver-Fluke,  227 
Platyhelminthes,  250,  261,  262:    Ne 
mertinea,    269:     AficariSf    278,    279 
Nematwla,   283:    Chtetognatha,   298 
Hrarhionnn  ruhens,  800,  301  :  Roiifera 
307  :    Biignla,   815,  316 :    Ectoproct^i 
323  :  Endoprocta,  326  :  Fhorontn,  329 
Magdlania,  334:  AMerias,  853:   Sea 
urchin,  867 :  Sea-cucumber,  871,  372 
A  nttdoH,   375 :    Echiiio<lermata,    394 
Xcrtis,    406,    407  :    Lumhrirm^   420 
Cha'topoda,     486:      iSipunciduH,    452, 


453 :  Gephyrea,  457 :  Ilinido,  468, 
469  :  Hirudinea,  476  :  ApuM,  489,  490  : 
-4x/rt<-?w,  506 :  Crustacea,  547  :  Feri- 
jHitus,  561  :  Myriapo<la,  569 :  Feri- 
jtlancta,  576 :  Insecta,  592 :  Scorpion, 
607,608:  Arachnida,  618  :  Anodonfa, 
636:  Pelecypoda,  655:  Amphineura, 
665:  Tritoiiy  676,  677:  Gastropoda, 
692 :  Scaphopocla,  706 :  Sepia,  712, 
713,  714,  715:  Nautiim,  730,  781: 
Cephalopoda,  743 

IHmorpha,  66,  67 

Dimorphic  zooids,  of  Ciliata,  89 

Dimorphism,  sexual,  38* 

DinohryoHj  66 

Dinoflagellata,    definition,   65 :    Charac- 
teristic features,  78 

DinophUea,  810 

IHnojthUus,  482 

Dioecious,  38 
J,  83 

153 


^or  references  to  this  see  i,n^     «. 

«ee  under  JBchinoidea,  p.  75; 

Discoidal  aegmentatioii,  610 

IHsoomadnM,  164'',  169,  170 

DUcorbina,  58 

Diiicosoma,  195,  197 

Dissepiments,  192* 

Distinctive  characters — See  Classification 

DisTOMUM  HEPATicuM,  226 :  General 
features,  226:  Body-wall,  226,  227: 
Digestive  system,  227  :  Water- vessels, 
227 :  Nervous  system,  228 :  Repro- 
ductive organs,  228,  229 :  Develop- 
ment, 229,  280  :  Systematic  position, 
238 

Distomnm  htpaticunty  265 

D.  rathousii,  265 

D.  fiintimey  265 

Distribution,  8:  of  Sponges,  113:  Hydro- 
corallinffi,  147  :  Sc^7)hozoa,  171  :  Ac- 
tinozoa,  196:  Ctenophora,  211  :  Platy- 
helminthes, 263  :  Ectoprocta,  326  : 
Brachiopoda,  342 :  Gephyrea,  461  : 
Hirudinea,  481  :  Onychophora,  566 : 
PelecyiMxla,  661  :  Amphineura,  670 : 
Gastropoda,  704 :  Cephalopoda,  749 

Distribution,  geographical,  8 

Distribution,  geological,  8  :  of  Sponges, 
113:  Corals,  197:  Brachiopoda,  342: 
Ch.'etopoila,  447  :  Insecta,  604  :  Arach- 
nida, 624  :  Cephalopoda,  749 

Distribution,  vertical,  8 

Dochmiu'i  dnodenalif*,  284 

JJocoghsMd,  683 

Doctrine  of  Descent,  6 
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Dolliufjeria,  86 

DonaXy  657 

DoriH,  684,  687,  691 

Doris  (Arrhidorifi)  tuberciilata,  687 

Dorsal  cirri,  ol  Antedon,  373 

Dorsal  organ,  of  Apn^^  485 

Dorsal  pores,  of  Earthworm,  418 

J>racuiiruliuty'2SS,  289 

Dragon  tlies,  585 

DrtjHmidium,  78 

Drilophaga^  3<>9 

Droinia,  524,  555 

DytiacuHy  596 


E 


E 


lAR,  37 

Ear- shells,  683 

Earthworm — See  Lumhrkiut 

Earthworms,  403 

Earwigs,  584 

Ecdyses,  of  Apns^  497 

EchmococcuH,  248,  2U,  262 

Echinoryamim  puttUlm^  398 

Erhiiiodtridir,  296,  297 

Xehinodermata,  346  :  P^xamples,  346, 
363,  369,  373  :  Distinctive  characters 
and  classification,  377  :  Systematic 
position  of  examples,  380 :  (ieneral  or- 
ganisation, 381  :  (ieneral  form  and 
symmetry,  381 :  Systems  of  plates,  384 : 
Modifications  of  form,  384 :  Cielome, 
392 :  Ambulacral  system,  393  :  BIoo<l- 
vascular  system,  394  :  Enteric  canal, 
394 :  Nervous  system,  395 :  Sexes,  395 : 
Development  and  metamorphosis,  396 : 
EchinopoHlium,  396 :  Etholog}',  &c., 
399  :  Self-mutilation  and  regeneration, 
40()  :  Affinities,  401 

Xehinoidea,  example,  363 :  Distinctive 
characters  and  classification,  379 : 
Apical  system,  384  :  Modifications  of 
form,  387 :  Dermal  branchia*,  393  : 
Stewart's  organs,  393 :  Ambulacral 
system,  393  :  Enteric  canal,  394  :  Ner- 
vous svstem,  395  :  Reproductive 
organs,  595  :  Development,  398  :  Holo- 
thunmlea,  example,  369  :  Distinc- 
tive characters  and  classification,  379  : 
Modifications  of  form,  31K) :  Ambulacral 
system,  393  :  Blood -vascular  system, 
394  :  Enteric  canal,  394  :  Respiratory 
trees,  394  :  Cuvieran  organs,  394 : 
Nervous  system,  395 :  Reproductive 
organs,  395  :  Development  and  meta- 
m<)i7)hosi8,  398  :  EthologA',  399 

Echinotuf-dium^  396 

Erhiuorhyw'huM,  289,  290,  291,  292 

Echini's,  363  :  (General  extonml  features, 
363,  864  :  Corona,  364,  36."> :  Aristotle's 
lantern,   366 :    Nervous  syntem,  367  : 


Ambulacral  svstem,  367  :  Ovoid  gland, 

367  :  Enteric  canal,  367  :  Ccvlome,  368  : 
Bloo<l- vascular  system.  J^68  :  Repro- 
ductive   organs,    368 :    l>evelopment, 

368  :  Systematic  position,  381 
Erhiurus,  466,  458,  459,  460 
Ecto<lerm,  21*— See  Bodv-wall. 
Ectonephridia,  439* 

Ectoproota,  320*,  321  :  Structure  of 
lK)dy-wall,  323 :  Alimentary  canal, 
323 :  Nervous  system,  324  :  Nephridia, 
324  :  Avicularia,  324  :  Vibracula,  324  : 
Reproduction  and  development,  325 : 
Ethology  and  distribution,  326 

EdirardJa,  185,  187,  188,  189 

E^gs  —See  Development 

Etmtria^  78 

Elaiipoda,  379,  393 

Eh  done  moj^rhafdj  744 

Elephant's  tusk  shells,  705 

Elk-horn  coral,  145 

Elytra,  of  Cockroach,  574 :  Polychaeta, 
432  :  Coleoptera,  587,  591 

Embryology,  3*— See  Development 

Empin^  595 

Emulsions,  32 

Endites,  488 

Endodemi,  21* 

Endotierm-disc,  of  A^tacuny  516 

Endoderm  lamella,  126,  128* 

Endophragmal  system,  of  AnlacuA, 
499 

Endopoclite,  500* 

Endoprocta,  312,  320*,  326:  Vestibule, 
326:  Nephridia,  326:  Cloaca,  327: 
(vanglion,  327 :  Testes  and  ovaries, 
327  :  Foot-gland,  ;^27  :  Development, 
327  :  Relationships,  328 

Endoskeleton,  29 

Endosternite,  606,  618 

Enteric  canal— See  Digestive  system 

Enteroc<i'le,  359 

Entomoitraea,  521,  547,  548,  551 

Environment,  9* 

Eocene   7 

AViX  684,  691,  693 

EfMini  diadtmtiy  615 

Epht/ofa,  91,  92 

Ephf  m>  nt,  584,  51>2 

Ephippiuni,  551 

Ephy/ti^  171 

Ephvrula,  of  Aim  fin,  161*,  162 

Epiblast,  21* 

Epicranium*,  572 

Epidermis,  22,  29— See  Bo<ly-wall 

Epimerite  of  (iregarinida,  77 

Epij)luirynx,  51»2 

Epijihnigin,  6H6 

Ei)iphy!«is,  of  Sea-urchin,  :^>6 

EpijK>dite,  5<U* 

Epi|Kxliuni,  r»H8 

Epistonia,  of  Afttani^y  499 
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Epistome,  312,  322,  824,  328,  829 

EqnatyUs  pUcati/ij*,  83,  85 

Epitheca,  192,  198 

Epithelia,  22*:  Non-stratified,  22*: 
Stratified,  22* 

Epithelium,  enteric,  31 

Ertja^luH,  522,  530,  581 

Errantia,  427 

Eatheria,  521,  526 

Ethiopian,  9 

Ethology,  9 :  of  Platyhelminthes,  263  : 
Rotifera,  309  :  Ectoprocta,  326  :  Echi- 
nodermata,  399 :  Cha;topoda,  447 : 
Hinidinea,  480 :  Crustacea,  554 :  In- 
secta,  662  :  Arachnida,  623  :  Pelecy- 
poda,  661  :  Amphineura,  670  :  (Tastro- 
pwla,  704 

Euchlanu,  304 

Euchhra,  209 

Eaoirripedia,  522*,  532 

Eucoptj  development,  141 

Eucopepoda,  522*,  5:^8,  530 

Eudendrium,  180 

EroLENA  viRims,  63,  04 :  Sj'stematic 
position,  65 

Eulamellibranohiata,  647*,  648,  662 

EnjihaKHia^  523,  549,  553 

Euphyllopoda,  521,  526,  550,  552 

EujJtctdla,  112 

EupomatuSy  445 

EaryaUda,  378 

Eurypterida,  613*,  617,  619 

ErscoRPio— See  Buthus 

EuifrorpiHts  ifaJicuHj  610,  622,  623 

Eu^pougia,  106 

Euthyneura,  684,  691,  695,  697 

Evolution,  6 

Examples,  of  Rhizopoda,  44  :    Mastigo- 
phora,    63 :  Sporozoa,    75 :    Infusoria, 
79:    Porifera,    96:     Hydrozoa,    118: 
Scyphozoa,      156 :      Actinozoa,     172 : 
Ctenophora,     198 :     PlatvhelminthcH, 
222,     226,     231  :      Neiuatotla,     275 
Rotifera,  299  :  Polyzoa,  314  :  Brachio 
poda,    331  :      Asteroidea,    346,    35(> 
Echinoidea,      363 :      Crinoidea,    373 
Cha'topoda,  404,417  :  Gephyrea,  451 
Cnistacea,   484,   498  :     Insecta,    571 
Arachnida,    604 :     Pelecypoda,     631 
Gastroiwda,  671  :    Cephalopoila,    70S, 
725 

Excretion,  14,  35 

Excretory   system,   of   Sei)tolina»,    138 
Plauaria,  223,  224:  Liver-Fluke,  227 
TtPiiiay    284 :     Platyhelminthes,    253 
Xemertinea,   270,   271  :  Ascari(<,  279 
Erh  inorhynch  »>f,292:  Brachiontis  rnhi  /*«*, 
300,  301":  Rotifera,  308:  Ectoprocta, 
324  :  Endoprocta,  326  :  Phoronis,  328 
MaijfflOmia^   337 :    Brachiopoila,  340 
XtreiM,    411,    412:     LnmhriniHy    423 
Chivtopoda,     440 :      Sipunndusf^    463, 
454 :    Gephyrea,   458 :    Hintdo,    470, 


471 :  Hirudinea,  477  :  Apm^  492 : 
Afffacn^j  509,  510 :  Crustacea,  550 : 
PeripatuA,  562 :  Periplanefa,  577  :  In- 
secta, 591,  592:  Scorpion,  607: 
Arachnida,  619  :  Anodonfa,  687,  640  : 
Pelecj'poda,  656 :  Amphineura,  668, 
669  :  Trifoiiy  679  :  Gastropoda,  697  : 
Scaphopoda,  706  :  Sepia^  722  :  Xantdic*, 
732  :  Cephalopoda,  744 

Exhalant  siphon,  632 

Exites,  489 

Exopo<lite,  500* 

Exoskeleton,  29*— See  Bodj'-wall 

External  features,  of  Syron,  96,  97 :  of 
Porifera,  105,  106,  107:  Obtlia,  119, 
120 :  Anrdia,  156,  157  :  Sea  anemone, 
172, 173  :  Actinozoa,  183  :  Hoi^phora, 
198  :  PJanaria  and  Dendrocitbnny  222  : 
Liver-Fluke,  226  :  Tiimia  a^iiimy  231, 
282  :  Platyhelminthes,  239  :  Nemer- 
tinea,  268  :  Ancaina  lumhricoideSy  275, 
276  :  Nematotla,  283  :  Erhinorhyiichv^y 
290:  Chajtognatha,  293:  Brarhionus 
riibeiiMy  299,  800  :  Rotifera,  304,  805, 
306,  807 :  Bugtda  anndaria,  314,  815  : 
Ectoprocta,  321,  822,  828 :  Endoprocta, 
326:  PAoro7iW,  828 :  MagtUama,  331, 
332  :  Brachiopoda,  338,  889  :  Anterias 
rultenfiy  346,  847  :  Aidhmea  /fai-effcewx, 
356,  367  :  Sea-urchin,  363,  864 :  Sea- 
cucumber,  869:  Aufedon  ronarea,  878: 
Echinodermata,  381  :  Asteroidea,  384  : 
Ophiuroidea,  886  :  Echinoidea,  387  : 
Holothuroidea,  390  :  Crinoidea,  891  : 
XtrtUy  404:  Lumhricus,  417,  418: 
Cha»topoda,  429 :  Sipuncvhis  nndvf*^ 
451 :  Gephyrea,  455 :  Archi-annelida, 
462 :  Hirndoy  465,  466 :  Hirudinea, 
476:  A  pus,  485:  AHtantHy  498,  499: 
Crustacea,  525,  547  :  Peripcdiui,  559, 
560  :  Myriapocla,  667  :  Periplanefa, 
571,  572  :  Insecta,  588  :  Scorpion,  606  : 
Arachnida,  613  :  Aiiodontay  631,  682: 
Pelecypoda,  647  :  Amphineura,  663, 
664,  666  :  TnVow,  671,  672,  678  : 
GastroiKxla,  685  :  Scaphopoda,  705  : 
Sepiiiy  708,  709:  XautUm,  725,  728, 
727 :  Cephalopoda,  787 

Exumbrella,  124,  156* 

Eyes,  37  :  of  Euglena,  64 :  Medusje, 
'133:  Planaria,  222:  Platyhehuinthes, 
253 :  Xemertinea,  272 :  Nematoda, 
285  :  Chictognatha,  295  :  Brachionus, 
302 :  Rotifera,  308  :  Dinophilus,  310  : 
Brachiopotla,  341  :  Ast^rias,  348  :  Sea- 
urchin,  365  :  Nereis,  410, 411 :  Cha't^>- 
poda,  438:  Hirudo,  472,  473:  Apus, 
494,  495 :  Astacus,  513 ;  Crustacea, 
551  :  Periplaneta,  579  :  Insecta,  596  : 
Arachnida,  621,  622,  628  :  Pelecv-poda, 
658,  659:  Chiton^  668:  Tn/OM,  682: 
(Gastropoda,  695,  696 :  Sepia,  720 : 
Nautilus,  734 
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AHRICIA,  438 

Facial  suture,  o^S* 

Falciform  voung  of  MonoryitU^  76 

Familv,  4» 

Fat.  23* 

Fat  Ixxly,  of  Ptrljdnntta,  576 

Fauna,  8 

Feather-Htar — See  Anttdon  ronacca 

Femur,  of  Cockroach,  574 

Fenestra*,  of  Ptri/Jfiuttn,  572 

/Vi*/rt,  188,  189,  Addenda 

Ferment,  12 

Fibres,  nerve,  27,  28 

Fibro-cartilage,  24*,  25 

FiUbranehiata,  646*,  (>48,  649,  G62 

Fimbriii",  of  Fresh-water  Mussels,  ()32 

Fire-flies,  596 

Fission,  14,  38*,  44,  73 

Fissurella,  094 

Fixeil  cheek,  558* 

FlahtHum,  183,  192,  193,  489 

FlageUata,  6,5*  :  CelMxKly,  66  :  FlaL'ella, 
6*1,  67  :  Bilateral  symmetry,  67  :  Mcnles 
of  nutrition,  67  :  Skeleton,  6S  :  Colo- 
nies, 68  :  Asexual  multiplication,  69  : 
Sexual  reproduction,  7<> 

Flagellate  canals,  of  Sponges,  98,99,  1<)<>*, 
HJ9 

Flagellate  cells,  98,  99,  1(N»* 

Flagellula,  51,  62,  64 

Flagellum,  21* 

Flagellum,  oi  AHtacut^  5<)2 

Flame-cells,  224*,  253 

Flat- worms — See  Platvhelminthes 

Fleas,  585,  586,  591,  V}^f2 

rios^ularm,  3<W,  305,  3JMJ 

Ffnstm,  32«» 

Fofficit/iuft,  85 

Fo<hI  vacuole  of  Paminitriuni,  Si 

Foot,  of  AiifHhufn,  632  :  IVlucvpoda, 
652  i-Amphineura,  664.  665:  ^friton, 
674,  675:  ^./>/'i,  709.  7in  :  XuufihiM^ 
727  :  Cephalopoda,  738 

Foot-gland,  327 

Formminifera.  46*  :  (General  structure.  50. 
51 :  Skeleton,  61.  62.  53  :  Protoplasm. 
54:  Dimorphism.  55:  Keproducti<in. 
55 :  Distribution,  oo 

Fossettes.  541 

FoMnfn,  197 

Fresh-water  Crayfish.  498 

Fresh-water  Mussel— See  Ancnlonta 

Fresh- water  Sp<m>5es.  116 

Fresh-water  Worms,  -HKi 

Fromliruifiria.  63 

Fulcrum  (of  Rot  if  era),  3U7 

Fun*/ia,  192 

Funiculus,  316.  32:^ 

Funnel.  748 

Funnel  folds,  746 


n 

vTalea.  573 

OaUofUM,  612,  614 

Galls,  599 

(Gallflies.  581 

( Tall -insects,  598 

(tametes  of  FlageUata.  70 

(tummarii/i,  524,  543,  644 

(Tamol)ium,  13() 

<Tastral  cortex,  1(J2*,  110 

(vastric  filaments,  oi  Aitrtfh,  160 

(Jastric  mill,  547 

(Ja«<tric  mill,  of  AMtants,  507 

(iastric  ostium,  101* 

<ittstnc  ridges.  o(  Anrt/in,  161 

(iastrolith,  5<J7 

<i(tMfrofthi/u^<  (qui,  586 

Oattropoda,  Kxample,  671  :  Distinctive 
characters  and  classification,  682 : 
Systematic  posititm  of  example,  685  : 
( Jeneral  organisation,  685  :  Kxtemal 
features,  symmetry,  ^i*.,  685:  Shell, 
6S6:  F<H)t,*^687:  Head,  IW9 :  Mantle, 
6S9  :  Respiratory  organs,  690 :  Diges- 
tive organs,  692  :'  Heart,  693  :  Nervous 
system,  693  :  Organs  of  special  sense, 
()95  :  Xej)hridia,  (J97  :  Reproduction, 
(>97  :  Development,  698  ;  Ethology  and 
distrilmtion,  7i>4  :  Relationships,' 705  : 
ApjMjndix,  705 

(Taslropoies,  of  Milff^jHtra^  145 

Oattrotrieha,  311,  312 

<;astnila,  21,  39 

(iastrulaticm,  2l>* 

ft* /a. si ni US,  641,  'hMi 

<ieininules,  1 1'J 

<  Jena-,  572* 
(ifuerio,  1 

(ieiiital  o|>erculum,  6<N) 

i  ii'iiital  system     SeeHepHMluctive  system 

( Jfol<>gi«.al    distribution — Stn.*     Distribu- 

ti«>n,  ge<)lo;:ical 
Oephyrea,    45t>:     Kxample,     451:    Dis- 

tiiu'tive  (characters  and  clasnifiration, 

454  :  Systematic  })<»sition  of  the  ex- 
amples,455  :  (ienemlfirganisation,  455 : 
IJody-wall,  45(>:  Culome,  456 :  Ali- 
inentarv  canal,  457  :  Vasi«ular  "vstem, 
457  :   Nervous .**ystem,  457  :  Xepliridia, 

455  :  Repnxluctive  organs,  45S  :  Sexual 
dimorphism,  458  :  Development,  459 : 
Distribution,  atfinitie«,  &c.,  461 

( terminal  Imnds,  of  (.'/*/*.-*/«• ,  479  :  of  /'*  W- 

)>t*Hi<,  5(M 

<Tenninal  croove,  5S1 

<  terminal  la  vers,  21* 
<ienninal  spot,  18*,  28 
(ierminal  vesicle,  18*.  2S 
<;iant  clam,  (Mii» 

(iiant  fibre-*,  4.'W 
(Jiant  nerve-cells,  41{H 


766 


INDEX 


Gill-cover,  of  AMacns^  498 

Gills,  33* — See  Respiration 

Gizzard,  30 

Glabella,  558* 

Glands,  22 

Glands,  Multicellular,  2S*  :  Unicellular, 

22  :  Ducts,  23     . 
Glass-crab,  553 
Glass-rope  sponge,  112,  116 
Olenoflininm^  74 
Olohigerinaj  53,  54 
Olochidium,  644 
GloAsocodon^  142 
Glow-worms,  596 
Oiycera,  434 
Glyceriike,  436 
Gnathobase,  489 
OnathobdelUda,  476,  480 
(inats.  586 

Goblet-shaped  Viodies,  423 
Goblet-shaped  organs,  of  Leech,  473 
Gonads — iSec  Reproductive  svsteni 
Gonotheca,  of  Obelia,  119*,  120 
Oordioidea,  282*,  283,  285 
QordiuH,  283,  284,  286 
Oorgonacea,  182,  191 
Oonjonia^  184,  191 
Granule  glands,  254,  255 
Oraptolithida,  132*,  154,  155 
Grasshoppers,  584 
Green  gland,  of  Antacnii^  509 
Oregarma^  77 
Oregarina  hlattarum^  77 
Ortfjarina  dnjardini^  11 
Grtgarina  giyantea^  11 
Oregarinida,      characteristic      features, 

77 
Oregarinida,  definition,  76 
Gromia,  51,  52 
Guard-polypes,  138* 
Gullet,  30— See  Digestive  organs 
Gund(t  segmentata,  240,  241 
Gustatory  organ,  37 
Oymnoblattea,  133* 
Osrmnolmnata,  320 
Gt/racfUf  187 
GyrodarfyfifUPf  243 
GyiXHlacfyln.'*,  243,  258 


H 


H 


.ABIT.S — See  Ethology 
H(tmaflipsa,  476,  481 
Ha?matochrome,  49,  64 
IfivmaioromiJtf  67 
Hieniocd'le,    of   Cnistacea,  547* 

patus,  561  :  Insecta,  591 
Hivmocyanin,  513 
Hjemoglobin,  28,  34 
Jlitynopffift  mrax,  480 
HatcampoidcHy  188 


tri- 


HcdiotU,  693,  694 

HaliMtemmat  147 

HcdUtemma  Urgent inum^  148 

Halteres,  591 

Haminginj  459 

Harfea,  182,  183,  184,  190 

Harvest-men,  612,  615 

Jlcuitigerhiat  54 

Haversian  canals,  25*,  26 

Head -lobes,  of  AaiacitSj  516 

Heart,  34 

Heart — See  Vascular  system 

Hectocotylisation,  709,  728 

Helioioa,  46* :  General  structure,  55 : 
Colonies,  56 :  Skeleton,  56,  57 :  Re- 
production, 58 :  Conjugation 

HeUopora,  182,  195,  196 

Hetix,  697,  699 

Helix  nemoraJin^  690 

HtmipntHstes  radiatuny  390 

Hemiptera,  585,  589,  605 

Hepato-pancreas,  32 

Hermaphrodite,  37 

Hermit-crabs,  539,  556 

Hermit-crabs  and  Hydractinia,  134,  135 

Hesionida,  436 

HeteroooBla,  103* 

Heterocyemkhfy  216,  218 

Heterogamy,  39*,  287 

Heterogeny,  259*,  266 

Httei'omitaj  67 

Heteromyaria,  649 

Heteropoda,  684,  687,  688 

Heterotrichous,  83 

Hexacanth  embryo,  of  Timia,  236  : 
Cesto*les,  259 

HexaotinelUda,  103*,  116 

Hexacthwt^,  183,  187 

Hexarthra,  304,  306,  307,  310 

Hinge-ligament,  633 

Hinge-line,  633 

Hinge-teeth,  634,  651 

Ifipjja,  523 

Hii>pnritts,  651,  652 

Hirodinea,  465  :  Example,  465  :  Distinc- 
tive characters  and  classification,  474  : 
(leneral  organisation,  476 :  Form  an<l 
size,    476  :    Proboscis,    476  :    Enteric 


organs,     478  :      Development,     479 
Habits,  distribution,  &c.,  480 

Hinido,  476,  477,  478 

HiRi'Do  MEDiciXALis,  465  :  External 
characters,  465,  466 :  Body-wall,  467  : 
Muscular  system,  467, 468 :  Alimentarj- 
organs,  468,  469:  Excretory  sj'stem, 
470,  471  :  Vascular  system,  471,  472: 
Nervous  system,  472 :  Sense-organs, 
472,  473 :  Reproductive  organs,  473 : 
Development,  474 :  Systematic  posi- 
tion, 476 
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HlRUDO  QUINQUESTRIATA— See  H.  MEDI- 
CI XALI8 

Hiruflo  aangnisugay  480 

HiHtology,  3* 

HMtriodrilUUt,  4C2,  403 

Holarctic,  9 

Holoblastic,  20* 

Holophytic.  49* 

Hofothuria — See  Sea-cucumber 

Holothurian — See  Cotorhirnt* 

Holotrichous,  83 

Holozoic,  49* 

Homa/offOJiter,  242 

HomoeoBla,  103* 

Hoploaemertea,  270 

HoRMiPHORA  PLUMOSA,  19H :  External 
characters,  198 :  Enteric  system,  199, 
2iK>,  201  :  Cell-layers,  202 :  Nervous 
system,  208  :  Sense-organs,  208  :  Re- 
productive organs,  203 :  Development, 
204,  205,  206,  207 :  Systematic  posi- 
tion, 208 

House- dies,  586 

Hyafonema,  112,  116 

Hybrids,  2 

Hydatids,  261,  262,  266 

liydatina,  3<I4,  805,  306 

Hydirt,  186,  137,  142,  I.m 

Hydrartiniay  134,  185,  137,  l^T) 

Hydranths,  of  OMia,  119*,  120, 
122 

Hydrociile,  3eiO 

Hydrocorallina,  K)2*,  14.5,  LV) 

HydroeorallinsB,  distribution,  147 

Hydroids,  naked-budded,  133*  :  covered- 
budded,  1:^,3* 

HydrophituM^  601 

HydrophvUia,  of  Halistemma,  149 

Hydrotheca,  of  OMia,  119*,  120 

Hydroioa,  118:  Example,  118:  (iencral 
structure  and  classitication,  13l>:  Alter- 
nation of  generations,  131  :  (General 
remarks  on,   I.m 

Hydnda,  1'29,  180,  141*,  144 

Hymeaoptera,  r>87)  589,  593,  594,  51H>, 
602,  605 

HjiKHlermic  impregnation,  3(.H),  479 

Hypophar^^lx,  r)89 

HyjXistome,  of  Oln/ia,  119* 

Hypotrichous,  83 


I 


1 


ciiNErMuNs,  587 
Irhfhyophfhtriu^y  93 
Idmoiun^  32<» 
lUoricaU,  :^4* 
Imaginal  discs,  6<^2 
Imprt'gnutitm,  18*,  19 
Impregnation,  hyiKxlcrmic,  3<»9 


Inarticulata,  337*  :  Shell,  338 

Incurrent  canals,  of  Sponges,  98,  09, 
108 

Incus  (of  Rotifera),  307 

Individual  differences,  in  Xertisduineriliit 
413 

Individual  of  the  first  onler,  156* 

Individual  of  the  second  order,  156* 

Individual  of  the  thinl  ortler,  156* 

Individual  variations,  2,  104 

Individuation,  in  Hydrozoa,  155 

Inermia,  455,  457,  461 

Infundibula,  of  Aurelia,  161 

Infaioria,  Definition,  44  :  Example,  79  : 
Classification,  82  :  Systematic  position 
of  exauiple,  82 

Infusrjriform  embryos,  of  Dicyemidse, 
217,  218 

Inhalant  i>ores,  97,  108 

Inhalant  siphon,  6^)2 

Ink-sac,  of  Sepia,  714 

Insecta,  484,  577  :  Example,  577 :  Dis- 
tinctive characters  and  classification, 
583 :  Systematic  position  of  the 
example,  587  :  General  organisation, 
588:  Exoskeleton,  588:  Head,  588: 
Thorax,  588  :  Abdomen,  588  :  Appen- 
dages of  head,  588  :  Appendages  of 
thorax,  590 :  Htemocade,  591  :  Fat 
Ixxly,  592 :  Digestive  system,  592 : 
Malpighian  tub^,  593 :  'Tracheal  sys- 
tem, 593  :  Blootl-vascular  system,  594  : 
Nervous  system,  594  :  Organs  of  special 
sense,  595  :  Pro<luction  of  sounds,  597  : 
Reprothictive  organs,  597  :  Eggs,  598  : 
Development,  51>9 :  Metamorphosis, 
6(H>:  M<Mle  of  life,  6<>2  :  Distribution 
in  time,  (K>4 

Integripalliata,  (>47^ 

Integripalliate,  <>50 

Integument— See  li<)<lv-wall 

Inter-filamentar  junctions,  637 

Inter-lamellar  iuncti<ms,  637 

Interstitial  cells,  of  OMin,  122 

Introvert,  of  Polyzoa,  322:  SipnundnA^ 
461:  (iephyrea,  455:  Triton,  674: 
<IastnnMxla,  r»89 

Invagination,  2'>* 

Iris,  37,  721  > 

Iiomyaria,  640 

Iiopoda,  524*,  543,  .'V44,  545,  ,V>1 

/Moj)f*  ryjL\  597 

litoftft ryx  api'tt/i^t,  597 


J 


J 


AM«i,  30 

flellv-fish.  Common  (Aurelia  aurita).  156 
Jellv-tishes,  US 
Jurassic,  7 
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ARYOKIXESIS,  16,   17 

Keber's  organ,  640 

Kidneys — See  Excretory  system 

King-Crabs,  612,  617 

Kingdom,  3 

Klos^ia,  78 


L 


Iabial  palpi,  of  Pelecypoda,  636 

Labial  palps,  573 

Labium,  5/3 

Labrum,  572 

Labruni,  of  Afitaru.'*,  499 :  of  Scorpion, 
606 

LahyrhUhnla^  49 

Labyrinthulidea,  46*,  48,  49 

Lacinia,  573 

Lacrymaria^  85 

Lacteals,  32 

Lacunie  (bone),  25 

Lagpiia^  53 

Lamelli«  (of  bone),  25 

Lampefln,  209 

Land -snails,  684 

Laomcfiea^  130 

Lappets,  of  Sea-anemone,  174 

Larva,  of  Desor,  273 

Larval  membranes,  of  Periplaneta,  581 

Larval  organ,  361 

Lateral  organs,  of  Nemerteans,  271 

TAUrtiUiay  541 

Laurentian,  7 

Laurer's  canal,  256 

Leaf-insects,  584 

LedUxy  646 

Lens,  37 — See  Eve 

LejxiM,  522,  532,^634,  652 

Ltpns  anntifera,  533,  534 

Lepidoptera,  586,  589,  591,  598,  603,  6(.>5 

Lepidnrns — See  A  pus 

LepiduruM  kirkii^  486 

LejHsmny  583,  584 

Ltjitochone^  438 

Leptodisciis^  74 

Lepfodora,  521,  527 

LeptolinflB,  131*  :  General  structure,  132, 
133,  184,  135  :  Perisarc,  133  :  Medusas 
133,  134,  138  :  C<vnosarc, .  133  :  Repro- 
ductive zooids,  138:  Development,  141 

LeptomedasflB,  131*,  133,  140 

LeptoHtrara^  550 

Lenura,  522,  530,  581 

Lesttinif  530,  531 

Leucocytes,  28 

Leurodorey  196 

Lice,  585,  591,  602 

Lii/ula,  247,  267,  573,  589 


Lima,  647,  653 

Ltmaxy  687,  692 

LimiutHft,  695 

Limnetiff,  526 

Ltnmornulay  155 

Limnorodiftnij  155 

Limpets,  671,  683,  685,  686,  691,  698 

LimiduM,  612,  618,  621,  622,  627,  628 

Lingua,  592 

Lingual  ribbon,  676 

Lingaatalida,  625 

Limpda,  337,  889,  840 

Lithite,  125 

Lithites,  oi  AureJiay  160* 

LithocircuA  annul aris^  58 

Lithocysts,  125,  133 

Liver,  32 

Liver- Fluke — See  Ditfomum  hejmticiim 

Liver-pancreas,  32 

Lobata,  208*,  209,  210 

Loboia,  46*,  47  :  General  structure,  46, 
47*  :  Skeleton,  47 

Lobsters,  537,  553 

Loruiyta,  584 

Locusts,  584 

Lolipo,  738,  742,  745,  747,  748,  749 

Lofiffo  vfd<jans,  738 

LojihowonoAj  84,  85 

T^phophore,  312,  322,  324,  333,  339 

LophopuSy  324 

Lorica,  of  Ciliata,  87  :  of  Flagellata,  68 

Loricata,  304* 

Loxosoma,  320,  326,  327 

Lncemariay  16(B,  172 

I.uriftr,  523,  553 

Lnciiuty  654 

Lumbricomorplia,  428 

LrMHRici's,  417  :  General  external  fea- 
tures, 417  :  Body-wall,  419  :  Seta;,  417 : 
Setigerous  sacs,  420 :  Enteric  canal, 
420 :  Vascular  system,  421  :  Nervous 
system,  422  :  Organs  of  excretion,  428  : 
Reproductive  organs,  423,  424 :  De- 
velopment, 425  :  Systematic  position, 
428 

Luminous  organs,  596 

Lung,  33*  :  of  Scorpion,  608 :  of  Pulmo- 
nata,  691 


M 

JJJL  ACROBDELLA   VALDIVIASA,  476 

M(irrof)io( UA  hu/eJandiy  626 

Macrura,  523*,  537,  539 

Mndrejx)ra,  194 

Madreporaria,  181*,  187,  185,  192,  198, 
194,  197 

Madrepores,  194,  195 

Madreporic  canal,  354,  367 

Madreporite,  of  Starfish,  347  :  of  Sea- 
urchin,  365 
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Maoellania,  Shell,  331,  382:  Body,  333: 
Mantle-lobes,  333 ;  Mantle-cavity,  333 : 
Lophophore,  333,  384,  885  :  Food- 
groove,  333  :  Digestive  organs,  334  : 
Skxly-wall,  335 :  Muscular  system,  885 : 
Ccelome,  336 :  Blood  system,  336  :  Ex- 
cretory organs,  337 :  Nervous  system, 
337  :  Reproductive  organs,  337 

Maia,  524 

Malacobdella,  274 

Malaooftraoa,  523*,  535,  547,  548,  551 

Malleus  (of  Rotifera),  307 

Malpighian  tubes,  577 

Malpighian  tubes,  of  Scorpion,  607  :  of 
Arachnida,  619  :  of  Tarcligrada,  626 

Mandibles — See  Appendages 

MantidUnj  587 

Mantle,  of  Anodonta,  632  :  Pelecv^poda, 
649:  Amphineura,  664,  665:  Triton, 
675  :  Gastropoda,  689  :  Scaphopoda, 
705  :  Stpia,  711  :  Xauti/uM,  729 

Manubrium,  of  Medusa,  125 :  of  Ohtlia, 
119*,  120 

Marginal  lappets,  of  Aurelia,  156*,  157 

Marginal  sense-organs,  125 

Marginal  tentacles,  of -4 loWia,  156*,  157, 
159 

Marine  Annelids,  403 

Mastax  of  Rotifera,  307,  808 

Mastifjanufbay  66,  67 

Mastigophora,  43*  :  Example,  63  :  Clas- 
sification, 65  :  General  organisation, 
65,  66 :  Systematic  position  of  the 
example,  65 

Maturation,  18*,  19 

Maxilla — See  Appendages 

Maxillar}'  palp — See  Appendages 

Maxillipeds — Jjee  Appendages 

Ma^'-flies,  585 

Me<luIIa  of  Paramcecium,  79 

Medullar}'  sheath,  of  Nerve-fibre,  27,  28 

Metlusa-buds,  of  Obtlia,  119,  120 

Medusw,  of  Obe/ia,  124,  125  ^ 

Megagametes,  of  FlatjtUatay  71 

Megakesthetes,  668 

Megalopa  stage,  553 

Megameres,  of  Ctenophora,  205  :  of  Poly- 
cla<l,  257 

Meganucleus,  of  Ciliata,  84 :  of  Para- 
VKfciumy  79 

Megaspores,  of  Radiolaria,  61 

Megazooid,  of  VorticeJla,  87,  89 

Mtfeagrina,  647,  661 

MtUatjrina  mar^ritifera,  661 

Mtlicerta,  303,  805,  306 

Mtfofonfhay  594 

Membranes,  22 

Membrfinipom,  320 

Mentum,  573 

Meroblastic,  20* 

Mesenteric  filaments,  of  FlahtUum, 
198  :  of  Sea-anemone,  175 

VOL.  I 


Mesenteries,  of  Sea-anemone,  174 
Mesenteries,    development    of,   in    Sea- 
anemones,  179,  180 :  Arrangement  in 
Actinozoa,  185 
Mesoblast,  21* 
Mesoderm,  21*,  101,  102 
Mesodenn  bands,  of  Perijjianeta,  581 
Mesoglcjea,  101*,  102  :  of  06e/ta,  121 
Mesonephridia,  439* 
Mesopotiium,  675,  688 
Mesothorax,  574 
Mesotrochal,  445 
Mesoioa,  216 

Messmateism — See  Commensalism 
Metagenesis,  39*:  of  06e/irt,  129:  Lepto- 
lin:e,   141  :  Trachylina?,  144  :  Aurtliay 
161  :   Liver-Fluke,  230  :    Taenia,  236  : 
Platyhelminthes,  259, 266 :  Nematoda, 
286 
Metameres,  41*,  403 
Metamorphosis,  of  Trachylinse,  144 :  Sea- 
anemone,  180  :  Platvhelminthes,  260  : 
Nemertinea,  273  :  /^horonis,  331  :  As- 
teHnay   361  :    Antt<hn,   377  :    Echino- 
dennata,  396 :  Chjvtopotla,  445  :  Apuify 
497  :  Crustacea,  552  :  Insecta,  600 
Metamorphosis,   retrogressive — See    De- 
generation 
Metanaiipfius,  497 
Metapoilium,  675,  688 
Metathorax,  574 
Metazoa,  96 
Micrivsthetes,  668 
Microgametes,  of  Flagellata,  71 
MiriXHpx>miay  50 
Min'ohydray  137,  155 
Micromeres,  of  Ctenophora,  205 
Micromere»»,  of  Polycla<l,  257 
Micronucleus,  of  Ciliata,  84 
Micronucleus,  of  Paramarium,  79 
Micropyle,  113 

Micropyle,  of  Cephalopoda,  744 
Microspores,  of  Radiolaria,  61 
Micro'<(omKm,  263 
Microz<K)id  of  Vartirt/iay  87,  89 
Miescher's  corpuscles,  79 
MHiolfiy  52 
Mi/fepora,  145 
Jifi/fejx)iyt  (i/rirormsy  145 
Millipe<les,  567,  568 
J/niya-S  189 
Miocene,  7 
Mites,  612,  616,  619 
Mitomc,  15 
Mitosis,  16*,  17 
Mofiiofa,  649 
Mollaiea,  6.')!,  751 
MoUutcoida,  313 
MoUutcoida,  mutual  relationships  of  the 

classes,  343 
MouorystU  nijUi^y  75 
Monu'cious,  37 
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Monogenetioa,  238*,  250,  252,  253,  254, 
256 

Monomyaria,  649 

MonosujUy  72 

MoiwtuSy  240 

Xonoioa,  238* 

Morphology,  3 

Morula,  20* 

Mosquitoes,  586,  590 

Mother-cyst,  262 

Moths,  587 

Mouth  papillte,  347* 

Movable  cheek,  558* 

Mulberry  body,  20* 

MuUer's  larva,  268 

Mtdtkilia,  84,  86 

Multiple  fission,  of  Euglenay  64 

MurtXy  693,  696 

Muscle,  striated,  26*,  27  :  non-8triate<l, 
26,27 

Muscle  processes.  Hydra,  186,  137 

Muscles,  35 

Muscular  fibres  of  sponges,  102 

Muscular  system,  of  Aurdia,  160:  Sea- 
anemone,  174,  175  :  Mayellania,  886  : 
Brachiopoda,  339  :  Hinido,  467,  468  : 
A]tm,  489 :  Antaeus,  504,  606  :  Crus- 
tacea, 547  ;  Peripfaneta,  676 :  Ano- 
doiitay  635  :  Pelecypoda,  648 

Muscular  tissue,  26*,  27 

Mushroom  coral,  192 

Mussels,  631 

Mya,  647 

Mya  artnariay  649 

Myoetoioa,  43*  :  Example,  61,  62 :  Spo- 
rangium, 62  :  Capillitium,  62  :  Spores, 
62 :  Flagellula,  62  :  Plasmodium,  63  : 
General  remarks,  63  :  Protomyxa,  63 

Myomeres,  of  AptLs,  490 

Myriapoda,  484 

Vyriapoda,  566  :  Distinctive  characters 
and  classification,  566  :  General  organ- 
isation, 567  :  External  features,  567 

Myriothelay  187 

Mysisy  523,  687,  553 

MytUuSy  646,  652,  654,  655,  656 

MytUua  edtdUy  648,  668 

Mytilus  latnSy  648 

Myxidium  litherkuhniiy  78 

Myxobolus  midleriy  78 

Myxospongia,  103*,  111,  115 

Vyxoiporidea,  definition,  76  :  Character- 
istic features,  78 

Myzostomay  448 

Msriostomida,  448 
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ACRE,  635* 

Naidomorpha,  428* 
Nauy  446 
NarcomedaisD,  132^ 


Natural  History,  1* 

Nauplius,  496,  497* 

NamithOey  169 

Nautiloids,  750 

Nautilus  pompilius.  Shell,  725,  726  : 
External  characters  of  soft  parts,  726  : 
Mantle  and  mantle-cavity,  729  :  En- 
teric canal,  730 :  Heart  and  circulation, 
732 :  Renal  organs,  732 :  Nervous 
system,  734  :  Sense-organs,  734 :  Re- 
productive organs,  7^  :  Systematic 
position,  737 

Ntbaliay  535,  686 

Neck,  of  cockroach,  573 

Nectocalyx,  149* 

Nekton,  8* 

Nemathelmintlief,  221,  275,  297 

Nematocyst,  73,  79,  86, 128* 

Nematoda,  275  :  Example,  275,  281*  : 
External  characters,  283 :  Body-wall, 
288 :    Enteric    canal,    283 :     Ccelome, 

284  :  Nervous  system,  285  :  Eye-spots, 

285  :  Reproductive  organs,  285 :  De- 
velopment, 286,  287 :  Life-historv, 
286 

Nematogene,  217* 

Nematoidea,  282*,  284,  285 

Nemertinea,  273* :  General  features, 
268-271  :  Alimentary  canal,  269 : 
Blood-vessels,  270,  271  :  Excretory 
vessels,  270,  271 :  Nervous  system, 
270 :  Lateral  organs,  269,  271  :  Eyes, 
272 :  Otocysts,  273 ;  Reproductive 
system,  273  ;  Development,  273 

Neo-crinoidea,  380* 

Xtomeuiay  663,  664,  667,  668 

Xepheiisy  476,  477,  478,  481 

Nephridiopore,  411,  418 

Nephridium,  403,  411*,  412,  428,  440 

Nephridium,  provisional,  440 

Nephrostome,  411,  423,  440 

Nereidcty  428,  447 

Nkkeis,  External  features,  404  :  Enteric 
canal,  406  :  Body-wall,  408  :  Vascular 
system,  409 :  Nervous  system,  409 : 
Sense-organs,  410 :  Excretory'  orsans, 
411  :  Reproductive  organs,  412  :  Indi- 
vidual variation,  413 :  Development, 
413  :  Systematic  position,  428 

Nerve-cell,  27*,  28 

Nerve-fibres,  27*,  28 

Nervous   system,    14,   29,  35* :    Obelia, 
123:    Leptolina^,   138:    Aurelia,    160 
Tealia,  179 :  Honniphora,  203 :  Planaria 
224:    Distomtimy    228:    Tceniay    233 
Platyhelminthes,    252 :      Nemertinea 
270:    AscariSy   279:    Nematoda,  285 
Acanthocephala,    291 :    Chsetognatha 
294  :  Brachionusy  301  :  Rotifera,  308 
Dinophilea,   310 :    Gastrotricha,  312 
Polyzoa,  316,  324  :  Endoprocta,  326 
Phoronisy  329 :  Magtllamay  886,  337 
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BrachiopcKla,  341  :  Stnrfish^  350  :  Sea 
itrrhin,  367  :  Holothurian,  370:  Ante 
(loiij  375  :  Echinwlermata,  394  :  XertU 
409,  410  :  LumhriruB,  482  :  Cha'topoda 
437  :    M3rzo8tomida,   448 :  Sijmncnlns 
458  :   Oephyrea,  457  :  Archi-annelida 
464:    Hirudo,   472:   Hinidinea,  478 
ApuA,  492  :   AMatHM^  513  :  Crustacea 
550  :  PtripcUus,  562 :  Myriapoda,  569 
Ptr%j)lanetay    578 :   Insects,  594,  595 
SrorpioHf  609  :  Arachnida,  621  :  Mhm 
Hthj   641  :    Pelecypoda,  657 :   Ampin 
neura,  666,  667  :  Triton,  679 :  (Castro 
pcxla,  693 :  Scaphopo<la,  706 :  Rhcxlope 
707:  Stpia,  717,  719:  XautiluM,  734 
Cephalopoda,  744 

Nervous  tissue,  27 

Neurilemma,  27*,  28 

Neuropo<iium,  405*,  430 

Neuroptera,  584*,  598 

Xirothfk,  530,  581 

Nidamental  gland,  724* 

Noah's  Ark  shell,  646 

Xortihtra,  74 

X(xlo**ariay  58 

Nomenclature,  binomial,  1* 

Kon-Caloarea,  103* 

XoteuA^  805 

Xofhofra,  805 

Xofommafa  tcemeekiiy  3<)9 

Notopodium,  405*,  430 

Nuchal  cartilage,  712 

Nuclear  membrane,  15*,  17 

Nuclear  sap,  16* 

Nuclear  spmdle,  16*,  17 

XncUaria,  57 

Nucleolus,  15*,  17 

Nucleus,  11*,  15.  17 

Xficifa,  646,   652,   653,   654,   655,  656, 
657,  658 

Kndibranohia,  684*,  705 

XfttnmuiiteMf  58 

Xt/rtofhtriM,  83,  85,  80 

Xymphon  Ai*//iV/«wi,  625 


OligoohsDta,  428*,  483 

Ommatidium,  494*,  495 

Oachidium,  695,  704 

OnuniHy  543,  546 

Onyehophora,  484,  559,  629— See  Peri- 
pat  us 

Ou'cium,  314 

Oosperm,  2'j* 

Oostigite,  544* 

Oostigopod,  489* 

Ojyilimy  84,  89 

Operculum  ((iastropoda),  673*,  674,  688 

Ofihiotjlyphiy  886 

Ophiurida.  378* 

Ophiuridea,  346,  378"^,  382,  383,  384, 385, 
886,  887,  392,  393,  394,  395,  398,  399, 
4<H) 

Oph  ryoclt  udron ,  91 

Ophri/otjftna^  85 

Opisthobranehia,  084* 

OjK)S8um-Shnmp,  523 

Orrht'itin,  543,  548 

Order,  4* 

Organic  evolution — See  Evolution 

Organism,  1* 

Organ-pipe  Coral,  182 

Organs,  29* 

Orthontrtiibf,  218 

Orthoptera,  584* 

Orthoptera  ffenaina,  587 

OHrartlla,  108 

Oftrnna,  106 

()sphra<lium,  642*,  657,  676,  695,  729,  743 

Ostracoda,  521*,  527 

0^//vfi,  r>47,  6.V2,  (556,  658,  660 

Otoovst,  37*.  125* 

Ovariole,  580*,  597 

Ovarv,  37* 

Oviduct,  38* 

OvijMirous,  ^W* 

Ovum,  18*,  28 

Oxygen,  oxidation,  34 

Ojct/nri'i,  285 


O 
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BKLIA,  General  structure,  118,  120: 
Micn>Kcc»pic  structure,  121,  122:  Me- 
dusiv,  124,  125,  126:  Ccmiparison  of 
i)<)l\'pe  with  me<lusa,  126,  127,  128 : 
Reproduction,  12J):  Development,  129  : 
Svstematic  position,  132 

Octopoda,   736*,  738,  750 

OrfopuM,  787,  789,  742 

Orfdr'hftmfrfiy  189 

Odt-ntophora,  676*,  678 

(E-^jphugus— See  Digestive  system 

Oikomondt,  66,  67 


R 


AVHYrHALISA,    111* 
Pa'dogenesi«,  .39*,  2 11*,  2cki,  598 
PntjurH^j  589 
Pnltunoiiy  588 
Pfi/tf/noutf*.'*^  547 
Palnoerinoidea,  380* 
Palsodictyoptera,  604 
Palso-Mhinoidea,  379* 
Palsonemertiiiea,  273* 
Pah'vontologj,  6* 
/^aJinuntJ*,  537,  549,  553 
/*nfiiiurttM  niitfarit^  556 
Pallial  line.  634* 

3  n2 
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Pallium — See  Mantle 

Palpus,  405 

Pafudirefia,  320,  326 

Palus,  192* 

PaJythoa,  116,  184 

Pancreas,  32* 

Pancreatic  juice,  32* 

Fandorina,  67,  68,  69 

Papula,  393,  347* 

Parabranchia,  696* 

Paragaster,  97* 

Paraglossa,  589 

Paragnatha,  488*,  506 

Paranueridit,  82 

Paramoscium,    79,    80,    81  :    Systematic 
position,  82 

Pammifhy-ax,  555 

Paramitome,  15* 

Paramylum,  64* 

Parapodium,  403,  404*,  406,  430 

Parenchyma,  222,  249 

Parthenogenesis,  38*,  266 

Parasitism,  Protozoa,  90,  93 

Parthenogonidium,  70* 

Pai'thenofte,  541 

PaUffa,  685,  686,  691,  698,  694,  695,  696, 
698,  701 

PatefNdif,  683 

Pauropoda,  567*,  570 

Pavro])UM,  567 

Paxilla,  386* 

Peachia,  189 

Pearl-oyster,  647 

Pecteri,  647,  648,  658,  669,  661 

Peotinibranchia.  683* 

Pedal  gland,  688* 

Peda/ioH,  306,  807,  304,  491 

Pedata,  379* 

Pedicellaria,  348*,  357,  363,  383,  889 

PedireUina,  320,  326,  827 

Pedipalpida,  611*,  613,  619,  621 

Pelarjia,  171 

Pelagic,  8* 

Pdtogaster^  534 

Pen,  742* 

PenrtniM,  553 
'  PennatuJa,  185,  186,  191,  195 

Pennatulacea,  182*,  184,  191 

Pentastomida — See  Linguatulida 

Pentcuifomnm  tivnioiden,  626 

Peptones,  32* 

Perforate  corals,  194* 

Pericardial  sinus,  509* 

Perichondrium,  25* 

Pericofjxt,  167 

Periosteum,  26* 

Periostracum,  634* 

PERirATUs,  External  features,  559,  660 : 
Body-wall  and  bodv-cavity,  561  :  En- 
teric canal,  561  :  Circulatory  system, 
561  :  Organs  of  respiration,  562  :  Coxal 
and     slime     glands,     562  :     Nervous 


system,  562  :  Nephridia,  562 :  Repro- 
ductive organs,  562  :  Development, 
563  :  Distribution,  566  :  Relationship, 
566 

PeRIPLANETA  AMERICANA,  571,  572  : 
Head,  572  :  Neck,  573  :  Thorax,  574  : 
Abdomen,  574  :  Respiratory  jnove- 
ments,  575  :  Muscles,  575  :  Coelome, 
576  :  Digestive  system,  576  :  Renal 
organs,  577  :  Heart,  577  :  Respiration, 
578  :  Nervous  system,  578  :  CJrgans  of 
special  sense,  579  :  Reprodiictive 
organs,  579  :  Development,  580 :  Sys- 
tematic position,  587 

Perisarc,  121* 

Peristaltic  movements,  34* 

Peristomium,  404*,  417,  432 

PeromednssD,  164*,  166,  167 

Per-radius,  129 

Petrarca,  534 

Phacojtii  JernnduM,  668 

Pha?odium,  59 

Phalangida,  612*,  615,  621 

Phaneroionia,  378* 

Pharynx — See  Digestive  system 

Pha^midffy  587 

Phi/odiiui,  303,  805,  309 

Phola^,  647.  661 

Phoronida,  313,  328 

Phoronis,  328,  829,  880,  343,  844 

PhraffmoretriM^  750 

Phragmocone,  742 

Phronimay  545,  646 

PhrynnSy  618 

Phylactolsemata,  320,  321,  822,  828,  824, 
325,  326,  343,  844 

PhyUocarida,  523*,  535 

Phyllopoda,  521* 

Phyllosoma,  553 

Phvlogenv,  8* 

Phylum,  5*,  41 

PhymJia,  151,  162 

Physiolog^',  9* 

Pin^y  586 

Piltmay  170 

Pilidium,  272,  273 

Pill-bug,  524 

Piniiay  647,  653 

Pinnotherei*^  556 

Pkcicolay  476,  481 

Placophora,  663*,  751,  665,  666,  667, 668, 
671 

Planaria,  222:  General  features,  222, 
226 :  Digestive  system,  222,  228 : 
Water  vessels,  228,  224  :  Nervous 
system,  228,  224  :  Reproductive  sj's- 
t«in,  224,  226 :  Systematic  position » 
238 

Plankton,  8* 

Plaiiorlmliiiay  58 

Plant-lice,  585 

Planula,  129*,  180,  141*,  161 
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Plasmodium,  28* 

PlcUoum  (ffercoreumf  51 

Platyhelmintlief,  221,  237*:  General 
external  features,  239 :  Integument 
and  muscular  layers,  2M :  Parenchyma, 
S48 :  Alimentary  systems,  250,  8A1, 
252 1  Nervous  system,  252 :  VVater 
vascular  system,  258^  Reproductive 
organs,  254,  256 :  Development,  256, 
257 

Platypoda,  684*,  705 

Pleopod,  500* 

Pleurobro/chtcuUtf  208 

PJeurobranchia,  508* 

Pleuron,  498* 

Plenrophyllidia,  691 

Ploima,  304*,  805,  306 

Phimatariay  138 

Piumatella,  320,  822 

Pluteus,  897,  398 

Pneumatophore,  149* 

Podobranchia,  508* 

Podomere,  484* 

Pwlophrya,  90,  91 

Poflurtt,  584 

Polar  body,  18*,  19 

Polian  vesicle,  354*,  393 

Pollicipes,  534 

Polyarthra,  304,  805,  306 

Poft/reiijt,  240 

PofyctrcHS,  260 

PolyclMBU,  4-27*,  432,  433,  435,  436,  438, 
440,  443,  444,  446,  447,  448 

Polydftdida,  237*,240,  242,  248,  251,  252, 
253,  255,  256,  257 

Pofydora,  441 

Polygonliidwy  462 

Polygordius  larttiuf,  463 

Potytjonlim  ntaitolitanus,  462,  468,  464, 
482 

Po/ylrik-OM,  73,  74 

PohTnorphism,  131* 

Pofyiiiit,  440 

PoiynUt  txttmuitftf  432 

Pofyndt  ttttOMtH^tna,  429,  431 

Pofynoid*ty  429 

Pofyofcn,  72,  73 

Pofyojihtha/mus^  438 

Pol>T)e,  118*,  119 

PofyphemtiM,  527 

Polyphylitic,  266 

Polypotlinm,  155 

PotyMomtity  243 

Pofytftomum,  248,  264 

Polnrochal,  445* 

PolTioa,  313  :  Example,  314,  319* :  i^ee 
Ertoprorta  and  Entioprorta 

Polysoa  (Cestoda),  238* 

PoHttUina  mtdittrranta^  554 

Pontof^ltUn,  475,  477,  478,  479,  481 

Pore- membrane,  1<H)* 

Pores,  inhalant,  97* 


Porifera,  Example,  96,  102*  :  General 
form  anil  mode  of  growth,  105 :  Leading 
modiiications  of  structure,  107  :  Skele- 
ton, HI:  Reproduction,  112:  Develop- 
ment, 113  :  Distribution,  affinities,  &c., 
115,  215 

Poromya,  647,  655,  656 

PorpUa,  153,  154 

Port-hole — See  Cinclis 

Portuguese  Man-of-War,  151 

PortuuiiJi^  541,  554 

Post-abilomen  of  Scorpion,  606 

Potamobwl*fy  525 

PoftrioHy  106 

Pnf -alxlomen  of  Scorpion,  605 

Prawns,  537,  588 

PrinpididiVy  455 

PrUipuinSy  4.>6,  457 

Primary  axis,  40* 

Proii€omtnia,  663,  664,  667 

Pronucleus,  active  and  stationaiy,  82 

Pronucleus,  male  and  female,  18  ,  19 

Pro-ostracum,  742* 

Prororentrumj  73,  74 

ProrotloH^  85,  86 

Proscolea,  237 

Prosiphon,  741* 

Prosooranchia — See  Streptoneura 

Prosopyle,  100*,  108 

Prostomium,  404*,  417,  432 

ProtanKtbUy  47 

Protandrous,  285 

Protective  characters,  555 

Proteid,  15* 

ProttoitjxiMy  534 

Proftro/tponyia,  72,  73,  116 

Protobranohia,  646*,  648,  649,  653,  656, 
662,  752 

Pi-otoconch,  725*,  741 

Profodriius,  468,  482 

Profohydm,  187 

Protomerite,  77* 

Protomyxfij  63 

Protoplasm,  11*,  14,  15* 

Protopoflite,  496*,  500 

Prototroch,  416*,  701 

Protoioa,  43 

ProtozoivA,  553 

IVovenlriculus,  593 

/  Vi  m  mo^lt  inn ,  106 

PMudo  lamelUbranehia,  646*,  662 

Pseudc>po<l,  10* 

Pteudo  foorpionida,  611*,  613,  619, 
621 

/Wm^,  390 

Pteropoda,  684,  687,  688,  689,  705 

Pttrolrarhta,  680 

Ptdtx,  586 

l^llmonary  sac,  691*,  692 

PulmonaU,  684*,  689,  691,  705 

PidHttinin,  705 

Pupa  (of  Cirripedia),  552 
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Pupa  (of  Insects),  502 
Purpitra,  693 
Pyonopronida,  624,  629 
Pygidium,  559* 
Pyni/a,  699 


Q 


Q 


VADRULA,  47 


R 


R 


i;ADiAL  Canals,  100*,  125 

Radial  Symmetry,  40* 

Badiata,  401 

Radii,  orders  of,  128 

Badiolaria,  46*  :  General  structure,  58  : 
Central  capsule,  58 :  Skeleton,  59 : 
Colonial  forms,  59  :  Reproduction,  59  : 
Symbiosis,  61 

Ratlula,  676*,  678 

Radular  sac,  676*,  678 

Haphidiophryttj  57 

Red  coral,  182 

Redia,  231,  259 

Beplaria,  379* 

Relationships,  of  Protozoa,  93  :  Sponges, 
116:  Civlenterata,  213:  Platyhel- 
minthes,  267  :  Nemathelminthes,  291 : 
Rotifera,  309:  Dinophilea,  311  :  Poly- 
zoa,  328 :  Molluscoida,  343 :  Echino- 
dermata,  401  :  (iephyrea,  459  : 
Annulata,  482  :  Crustacea,  556  : 
Air  -  breathing  Arthropoda,  627  : 
Pelecj'poda,  662  :  (tastropoda,  705  : 
Cephalopoda,  750  :  MoUusca,  751 

Relationships,  diagrams  of  :  of  Protozoa, 
93  :  Cwlenterata,  215  :  Platyhel- 
minthes,  267  :  Echinodennata,  4(>2 
Annulata  and  Trochelminthes,  483 
Crustacea,  557  :  Arthropoda,  629 
Pelecypoda,  662 :  Gastropoda,  705 
Cephalopoda,  750 

Renal  organs — See  Excretory  system 

Reproduction,  Reproductive  System,  14, 
29,  37  :  Amoflxiy  14,44:  Foraminifera, 
55  :  Heliozoa,  58  :  Radiolaria,  59  : 
Mycetozoa,  62 :  Englena,  64 :  Flagel- 
lata,  70 :  Choanoilagellata,  73 :  Dino- 
flagellata,  74  :  Cystoflagellata,  74  : 
Monocystis,  75  :  Gregarinida,  77  : 
Paramecium,  81  :  Ciliata,  88 :  Ten- 
taculifera,  92:  Porifera,  113:  Obdia, 
129  :  Leptolina?,  140 :  Trachylinw,  144  : 
Hj'drocorallina,  147  :  Siphonophora, 
149,  152,  154:  Aurtlin,  158:  Ttalia, 
179  :  Hormiphora,  203  :  Mesozoa,  217, 
219  :  Planarna,  2S4,  226  :  Difttomumy 
228,  229:  Ttniia,  234:  Platyhel- 
minthes,  254  :  Nemertinea,  273  :"  A>*- 


carifiy  279  :  Nematoda,  285 :  Acantho 
cephala,     292  :     Chaetognatha,     295 
BrachionnSy  302  :  Rotifera,  309 :  Dino 
philea,  310  :  Bwjula,  316 :  Ectoprocta 
325  :  Endoprocta,  327  :  Pharonw,  329 
MayeJIania,   337 :   Brachiopoda,   341 
Starfish,  356  :  Sea-urchin,  368 :  Hofo 
(huriau,  372 :  Antedon,  377  :  Echino 
dermata,  394 :  JVierew,  412 :  LumbricuM 
423,  424 :  Chtetopoda,  441 :  Myzoato 
mida,  449  :  Sipunculus,  454 :  Gephyrea, 
458  :  Archi-annelida,465  :  Himdo^AlZ 
Hirudinea,  478  :  Aptis,  495 :  AUaz-m 
514  :  Crustacea,  551  :  PeripattLS,  562 
Myriapoda,   569  :    Periplaneta,   579 
Insects,    597,    598  :    ScorjnoUy    609 
Arachnida,  622 :  Mussel,  642  :  Pelecy 
poda,   658 :    Amphineura,    668,   669 
Triton,  682  :  Gastropoda,  697  :  Scapho 
poda,  706 ;  Rhodoi^e,  707  :  Sejtia,  723 
NautiluM,  735  :  Cephalopoda,  744 

Requienia,  651,  652 

Reservoir  (Euglena),  63 

Respiration,  13*,  33 

Respirator}'  organs,  33*  :  Starfish,  347  : 
Sea-urchin,  364,  368  :  Hotothurian, 
372 :  Chwtopoda,  433  :  Hirudinea,. 
477:  Apus,  492:  Astacus,  507,  508: 
Crustacea,  548  :  Peripatus,  662  : 
Myriapoda,  569 :  Periplaneta,  575, 
578  :  Insects,  598  :  Scorpion,  608  : 
Arachnida,  619:  Mussel,  636,  688: 
Pelecj-poda,  653:  Triton,  676:  Gas 
tropotla,  690 :  Sepia,  716 :  Nautilus, 
729 :  Cephalopotla,  743 

Respiratory  trees,  372*,  394 

Retina,  37* 

Retinophore,  682* 

Retinula,  494*,  495,  682 

Rhalxiites,  248 

Rhalxlitis-form,  287 

BhabdoccBlida,  238*,  239,  240,  242,  248, 
261,  2,)2.  253,  254,  255,  256 

Rhaklome,  494*,  495 

Rhagon-type  of  Sponge,  109* 

Rhipidoiltndron,  66,  68 

Bhipidoglofsa,  683*,  705 

Bhiiooephala,  522*,  534 

Bhiiopoda,  43* :  Example,  44 :  Clas- 
sification and  general  organisation, 
45 

BhiioftomsD,  164*,  169,  170,  213 

Bhiiote,  303*,  806,  306,  308 

Rhodojte,  707,  751 

Rhomix)gene,  217* 

Rhojiolura,  218,  219 

BhynchobdeUida,  475*,  476,  477,  478, 
479 

RhyuchwUmus,  240 

Rhynchonelhi,  840 

Rhynchofa,  91 

Rock -lobster,  523 
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Rock  systems,  7 

Rocks,  igneous  and  aqueous,  7* 

Rotalia,  52 

Rotation,  sense  of,  37 

Rotifer,  303 

Botifera,  229,  303*  :  External  characters, 
304 :  Digestive  organs,  307  :  Excretory 
system,  308:  Nervous  system  and 
Sense-organs,  308 :  Reprocfuction  and 
Development,  309:  Etholog},  309: 
Affinities,  309,  483 

Round-worms,  275 — See  Neurathelmin- 
thes 

Bogoia,  197 


\r* 


s. 


S 


Iaccammina,  58 
SacrocirruSy  438 
SacciUitiay  534,  585,  553 
Safjitfa,  298,  294,  295 
Salintlla,  219,  220 
Saliva,  32* 
Salivary  glands,  32* 
Salivary  receptacle,  570 
SaJmartHa,  446 
Salpiuijffca,  72 
Baltatoria,  587 
Sand -hopper,  524 
Saroooystidea,  76*,  79 
Sarro*'yi*tis^  79 
Sarcolennna,  26* 
Sarrophaijay  595 
Sarcoptta  Mcahifti,  616 
Sarsia,  185 
Scale- insects,  585 
Scallop,  647 
Soaphopoda,  705 
Sebuonemertea,  274* 
Schizopoil-stage,  553 
Scliiiopoda,  523*,  536 
Seirtopoda,  3<>4*,  3<H),  807 
Sclerite,  520* 
SclerobUst,  101*,  111 
Scolex,  231 
Sro/ojftudra,  568 
Si'oio]ttndttltay  567,  569 
Scorpion— See  Buthts. 
Seorpionida,  611*,  613,  624 
Scorpion -8piden»,  612 
Sn'oftintlftna  pifter>Ua,  650 
Srtifigtni,  567,  569 
Sry/fnrnM^  537,  589 
Scj-phistonia— See  Scvphula 
Sojphoioa,  118,  156,  163*,  171 
Scyphuhi.  161*,  162 
Sea-anemones,  118,  181 — See  Tealia 
Sea- hi  u  bikers,  169 
SKA-rrruMBER,  External  features,  869: 

Structure  of  botly-wall,   370:   Anibu- 


lacral  system,  370 :  Nervous-vascular 
8\'stems,  370 :  Cttlome,  371  :  Enteric 
canal,  372  :  Reproductive  organs,  372 : 
Development,  372 :  Systematic  posi- 
tion, 381 

Sea- cucumbers,  346— See  Holothuroides 

Sea-fans,  182 

Sea-firs  (Sertularians),  133 

Sea-hares,  684 

Sea-lilies,  380 

Sea -mat  8,  .311  — See  Polyzoa 

Sea-mussel,  646 

Sea-pens,  183 

Sea-urchix,  External  features,  363,  864, 
865  :  Corona,  364 :  Aristotle's  lantern, 
866 :  Nervous  system,  367 :  Ambu- 
lacral  svstem,  367  :  Enteric  canal,  867, 
868 :  CVflome,  368 :  Blood- vascular 
svstem,  368 :  Reproductive  organs, 
368:  Development,  368:  Systematic 
position,  381 

Sea-urchins,  346 — See  Echinoidea 

Secondary  axis,  40* 

Secretion,  22* 

SedenUria,  427* 

Segment,  41 

Segmental  organ — See  Nephridium 

Segmentation  of  oosperm,  20* 

Segmentation-cavity — See  Blastoc<i*le 

Segmentation-nucleus,  19* 

5ei^;i,  309 

St/*'iianay  320 

Sfhwiriithf,  321,  324 

BemostomsD,  164*,  169,  213 

Sense-organ.M,  37 :  OMia,  125 :  Trachy- 
lina-,  149  :  A  urtlia^  160 :  Honnifthoi'a, 
198,  2<J3:  Platyhelminthes,  253 :  Ne- 
mertinea,  271  :  Cha»tognatha,  295 : 
BntchiouHM,  301  :  Rotifera,  308 : 
PhoroniM,  329:  Starfish,  348:  Sea- 
urrhiu,  mi  :  AV/ym,  410,  411  :  Chwto- 
{Kxla,  438 :  Sipunculus,  454  :  Hirufio, 
472:  Hinidinea,  478:  ApUM^  494: 
Astacus.  .'lis :  Crustacea,  551  :  Peri- 
j)atu»,  Myi)  :  Ptriftlanttn,  579  :  Insects, 
5«l.l.  596.  597  :  Scorjnon,  6t»9 :  Arach- 
nida,  621  :  MuxMtl,  642  :  Pelec\*po<la, 
657  :  Amphineura,  6<i8  :  Tritoit^  674, 
676,  (J82:  (iastrojKKla,  695:  Rho^lof^e, 
7^7:  Sfpia,  720:  Xanfi/iis,  734: 
Cej)hal<)jHHla,  743,  744— See  also  Eyes, 
Auditory  organs.  Olfactory  organs, 
(Justatory  organs,  Tactile  organs, 
Osphradia 

Sepia,  External  features,  7<W,  709: 
Shell,  711  :  Chn)inatophores.  711  ; 
Mantle  -  cavity,  712,  718  :  Internal 
skeleton,  712 :  Alimentarv  svstem, 
712:  Inksac,  714:  Vascular  system, 
714:  Cu'lome,  715:  Ctenidia,  716: 
Nervous  system,  717  :  Sensory  organs, 
72l» :    Excretory  organs,   722  :  Repro- 
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(luctive  organs,  723  :  Systematic  posi- 
tion, 737 

Sepia  cultratay  708 

Septal  funnel,  161* 

Septal  neck,  725* 

fleptibrancliia,  647*,  648,  654 

Septum,  192* 

Serialaria,  320 

Serosa,  581* 

Serpula,  434,  437,  447 

StrjmHdif,  433 

Sertularians,  133 

Seta,  405*,  419,  431 

Seta,  provisional,  416 

Setigerous  8a<:,  405*,  420,  431 

Sexual  dimorphism,  38* 

Sexual  veneration,  130 

Shell,  Magellania,  331,832 :  Brachiopoda, 
338,  389  :  MusHtl,  638  :  Pelecvpocla, 
648:  Chiton,  664,  665:  THton,  672, 
678 :  Gastropo<la,  686 :  Scaphopocla, 
705 :  Stpia,  711 :  Nautilmy  725,  726  : 
Cephalopoda,  740 

Shell-gland,  492*,  498,  550,  643* 

Shelly  loop,  332 

Ship-wonn,  647 

Shrimp,  523 

Sicula,  155* 

Sigarttm,  688 

SUicisponffisB,  103* 

Sinupalliata,  647*,  662 

Siphoiiodeiitalivnij  705 

Siphonophora,  132*,  147,  148,  150,  152, 
158,  154,  213 

Siphonozooid,  189* 

Siphons,  inlialant  and  exhalant,  632*, 
649 

Siphuncle,  725* 

Sipunculidifiy  455 

SiPUXCULus  NUDUS,  General  external 
features,  451,  452 :  Body-wall,  451  : 
Ccelome,  452  :  Blood -vascular  system, 
452 :  Alimentary  canal,  452,  458 : 
Nervous  system,  458  :  Nephridia  and 
gonads,  454  :  Systematic  position,  455 

Skeleton,  29*  :  Lobosa,  47:  Foraminifera, 
51  :  Ueliozoa,  56 :  Radiolaria,  58 : 
Mastigophora,  68  :  Ciliata,  87  :  Actino- 
zoa,  189 :  Sepia,  712 :  Cephalopoda, 
743 — See  also  Shell  and  Body-wall 

Skin,  29*— See  Body-wall 

SluKs,  684 

Snails,  684 

Sofarium,  685 

Soltcurtns  at riy Hiatus,  651 

Sofen,  661 

Softnamyn,  646 

Solpngida,  612*,  614 

Somatoblast,  414 

Somatopleure,  582* 

SpadtUa,  293 

Spadix,  728* 


Spatangoidea,  379*,  383,  389,  890 

Species,  1*,  104* 

Specific  name,  2* 

Spent! ,  18,  28* 

Spermary,  37* 

Spermatozoon — See  Sperm 

Spermiduct,  38* 

Sphfcridium,  363*,  383 

SpJutrophrya,  91 

Spicules,  30* 

Spiders,  612 

Spinning-glands,  592 

Spin/era,  889 

Spirofoculitia,  58 

Spirorbis,  448 

Spirorhis  Utvis,  444 

Spinda,  740,  741 

Splanchnopleure,  582* 

Spou'jtfia,  111 

Sponyilla,  109 

Spoiujillidct,  112,  115 

Spongin,  111* 

Sponyin-htasts,  112* 

Sporangium  (Mycetozoa),  62 

Spore,  38* 

Spore  formation,  62,  75,  89 

Sporocyst,  231,  258 

Sporosac,  140* 

Sporoioa,  44,  75,  76* 

Squammuliiia,  51,  52 

Squids,  736 

Sqnilla,  542 

Starfish,  External  characters,  346,  847, 
857 :  Transverse  action  of  arm,  848 : 
Vascular  and  nervous  systems,  350: 
Structure  of  disc,  351  :  Body-wall  and 
ccvlome,  351  :  Digestive  system,  858  : 
Ambulacral  system,  850,  854 :  Ovoid 
^land,  354 :  Reproductive  system,  356 : 
I)evelopment,  358,  859,  860,  861: 
Systematic  position,  380 

Starfishes,  346— See  Asteroidea 

Stauromedusse,  164*,  165,  213 

Sfeiifor,  83,  85 

SttphanoctroM,  303,  805,  306 

Sttrna^pis,  432,  436,  440 

Ste.rnaHpui  »pino6a,  433 

Sternum,  498* 

Stewart's  organs,  393* 

Stick-insects,  584 

Stigma  (Euglena),  64 

Stigmata,  562,  575,  593 

Stinging  capsule— See  Nematocyst 

SUilon,  183* 

Stomach — See  Digestive  system 

Stomatogastric  nerves,  422 

Stoma topoda,  524*,  542 

Stomidium,  188* 

Stomodwum,  161* 

Stone-canal,  354* 

Stony  corals,  118,  182 

Strepsiptera,  602 
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Sea-urchin 


Streptomeura,  6SS^,6SS 

SlrohiU.  -233 

St  rrmgyloeenl  rot  us, 

St  roii^fyfoeifoma,  570 

Sfyfnnouh-",  447 

StyfajU^r,  146,  147 

Styfovyrkia,  9<» 

Sub-genital  pit  (Aurelia),  l.'SS* 

Sub -genital  p>rtico,  171* 

Sub-KingdoDi — See  Phylum 

Sul>-ra4iiuft,  129 

Sul>-unibrella,  125* 

Suece«non  of  Life  in  time,  7 

Sucker  (SepU),  7(»9*,  710 

Suctorial  mouths  (Rhizostonue),  170 

Summer  eggs,  551 

Supporting  lamella — See  MesogUca 

Swimming-bell — See  Xectocalyx 

Sniimming-plate,  190,  20l»* 

Syrati/ha,  U»3 

Syrtttn,  ia3 

SyrOtuhf,  la3 

SvroN  :  External  characters,  96,  07 : 
Microscopic  structure,  90:  Systematic 
position,  1(1,3  :  Development,  113, 
114 

Svcon-tvpe  of  sponge.  K»9* 

.V/iV/a,*436,  446.  447 

Syllix  tytmoMa,  446 

Svmmelrv,  39*,  40  :  Polype  and  Meilusa, 
*1*2S  :  Tealia,  176,  179* 

Symphyla.  5<>7*,  5<)9 

Synajiffi,  .*«♦<»,  .S99.  44  »2 

Synapticula,  lifci* 

Svn-cerebnim,  513* 

Synrorym ,  186 

Synn-yfttti,  06 

Svncvtiuni,  1>9* 


T. 


ABAsrs,  690 

Tabula,  143*,  192 

Tactile  organs,  37 

Ttfuin  ntHitriiM,  261 

T'f-nin  rmMMtroffiM,  2<i5 

TtHiin  fchinororrHft,  246,  261,  902,  2<m 

TffHia  m^fiioffiufffnta,  265 

T'ffnn    f*atji»nfHy  265 

T'Him  funrUa,  265 

T-*:ma  SOLUM:  (tencral  features,  231, 
838.  833  :  Nervous  system,  233  :  Kx* 
cretory  organ.^,  834 :  RepnHluctive 
organs,  834  :  Systematic  position,  239 

Taniole,  161* 

TnlUniM^  ,543 

T'liinii,  543 

T5i|)e-wonn— See  Fienia  and  Cesto<la 

Tardigrada,  626,  629 

Tkama  :  Kxternal  characters,  172,  173  : 
Kntcric   system,    174,    176 :    Muscular 


f\-^teni.  173,  175:  S\-mmetr>,  176: 
Micn>scopio  structure,  177,  1^  :  Xer- 
vous  system,  179 :  Repix^iuctix^ 
organs,  173,  179:  lV>-eK>nn»ent,  171^. 
ISO:  Systematic  posititm,  1S3 

Teetibraaebi*,  6S4*,  7<C> 

Telolecithal,  '^C* 

Telotnx^hal,  445* 

Telson.  49S* 

T*  muor* )thn]n ,  044.  264 

T*  muort fthnh^i ,  244 

Tendon,  35* 

Tentacles,  ,^«* 

Tentacalifira,  S2*  :  Bo«ly  and  tentacles, 
9'»:  Nucleus,  contractile  vacuoles, 
shell,  cohwies,  repnxluotitw,  92 

Tentacul«K\yst,  143*,  100 

Tentorium,  579 

Tfiyf>^f/n,  434 

Tt.fUnvi.f,  433 

Toy^/n,  686 

re»''m/w/a.  336.  3.3S,  330 

TnthtyifM/uhf,  .3,3S 

Ttnhmfn/in'U  343 

r^vr/o,  (>47.  668 

Tergum.  41>S* 

T^rmiff^,  :^\  6i>3 

T^MA-tyi,  106 

T(tht/M,  6S4 

TetrabranohiaU,  736*.  73<) 

Ttfmmitn,  66 

Ttftyirhyfifhvj*^  840 

Tftiyisttmmn^  800 

ThnlassitfJnurtn^  69 

Thcca,  ^^2* 

Thomsiin,  .1.  Vaughan,  3 

Thorax,  of  ApUM^  489:  i4«/arMx.  499*: 
Ptrij)/au*fn,  572,  574  :  Solpugitla,  615 

Thread-worms  -See  Nemathelminthea 

ThyMUtonyon,  840 

Thjsanara.  5S3 

Tiok^.  618     Sec  A»arida 

Tiedciuann''*  vt'*ii*lc,  ,V>4*,  .393 

l^iihinii'/iiiin,  86 

Tis^iu'S  21* 

Tomojttt  ri",  447 

Trai  luM-,  :W,  .-)4i2.  677,  678,  593 

Tnu'hcal  gilN,  694* 

'fiyi'htfl'i'^'f  s,  531 

'/'nirhf/iii%,  86 
Tt'*i''hf  fnnn»n*f<^    06 

Trachjlinc.  132*  :  (ieneral  Htnuture, 
148  :  Sense  organs,  143 :  T^ntucles, 
143  :  KepnHluctive-organs,  144  :  [1K»- 
velopnicnl,  144 

TrachTmadiiUB.  132*,  148.  14.3,  144 

Trttp>i(Mn-  Sfiith  r,  (»23 

Trematoda.  Kxample,  226.  23s*.r048. 
843.  044.  846.  24S,  249.  2.*i«»,  251.  2.-i2, 
2.'),3.  2.'>4.  2.">«J.  2.5S,  2.">9.  JtM,  2^V\  266. 
•267 
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TreptoiAaXy  220 
Triarfhriis  heckiiy  559 
Trichina,  284,  288 
Trichocyst,  8(),  84 
Trichoplax,  220 
Triohoftomata,  82 

Tricladida,    237*,    241,    248,    251,   252, 

255 
Tridacna  gigas,  660 

Trigger- hair — See  Cnidocil 
Trigonia,  646,  652,  661 

Trilobita,  558,  559,  629 

Trimorphism,  119* 

Triton  xodifkrcs,  671 :  Shell,  672,  678  : 
Kxtemal  features  of  soft  parts,  674 : 
Foot.  675  :  Visceral  spirals,  675 :  Man- 
tle, 675:  Ctenidium,  676:  Osphradium, 
676  :  Digestive  system,  676  :  Vascular 
system,  679 :  Excretory  system,  679  : 
Nervous  system,  679,  680:  Sensory 
organs,  682 :  Reproductive  organs,  682 : 
Systematic  position,  685 

Tritonifhv,  685 

Trivium,  348* 

Trochelmintliei,  221,  298 

Ttochtta,  476 

Trochophore — See  Trochosphere 

Tro'hoMphij'ra,  304,  306,  307 

Trochoiphserida,  30^*,  307 

Trochosphere,  298 

TroehuM,  683,  696 

Tromhidinm  fiUiginosnm ,  616 

Tube-feet,  348*,  363,  383 

Tuhifexy  442 

Tnhifiridit,  434,  447 

Tnbijyora,  186,  190,  195 

Tulmlaria,  133,  135 

Turbellaria,  237*,  239,  240,  248,  250, 
251,  252,  253,  2.>5,  263,  264,  266, 
•267 

Turfto,  683,  696 

Tj-phlosole,  421*,  436 


V, 


u 


U 


MBO,  634* 
Umbrella,  124*,  156 
Undulating  membrane,  83* 
Unicellular,  18* 
Unicellular  gland,  22* 
Unio,  631,  647— See  Anodonta 
Unio  viargariti/tr,  631 
Union  it /^t,  647 
Unisexual,  38* 
Urea,  35 
Uric  acid,  34 
Urinary  organs,  35* 
UrnattUa,  326 
Uropod,  500* 
Uterus,  38* 


AcnoLE,  contractile,  11*,  79 
Variation,  individual,  2*,  104* 
Variety,  2*,  105* 

Vascular  system,  32  :  Nemertinea,  270  : 
Acanthocephala,  291  :  Fhoronut,  329 : 
Magellania,  336:  Brachiopoda,  340: 
Starfish,  351,  355  :  Holothurian,  370  : 
Anttdon,  376:  Echinodermata,  394: 
Nereis,  409 :  Lumbriciis,  421  :  Sipmi- 
ndns,  452:  Gephyrea,  457:  Archi- 
annelida,  464:  Hiritdo,  471,  472: 
Hirudinea,  477  :  Apus,  491  :  Asfaats, 
509,  512  :  Crustacea,  550 :  Ptripatus, 
561  :  PerifJamta,  577  :  Insects,  594 : 
Scorjyion,mi  :  Arachnida,619:  Musnef, 
640,  641  :  Pelecypoda,  656  :  Amphi- 
neura,  666  :  Triton,  679  :  Gastropo<la, 
693:  Scaphopoda,  706:  Sepia,  714, 
719 :  XanfUuM,  732,  788  :  Cephalopoda, 
743 

Vas  deferens— See  Spermiduct 
Vaso-peritoneal  vesicle,  396 
Velarium,  167* 
Veleila,  154 

Veliger,  6^59*,  703*,  704 
Velum,  12,5*,  126,  659*,  701 
Ventral,  41* 
Ventricle,  34* 
VtntM  gniffia,  650 
Venus's  Flower-l>asket,  112 
Venus's  (iirdle,  210 
Vermel,  221 
Vermetes,  684 
Verm  ilia,  430 
Vibracula,  321,  324* 
Virgula,  155* 

Visceral  spiral,  of  Triton,  675 
Vitelline  glands  —See  Yolk-glands 
Viviparous,  38* 
Voluta,  699 
Vol  cox,  67,  68,  70,  71 
Vortex,  240 

Vortir^Ha,  83,  84,  86,  87,  88,  89 
VidseUa,  649,  653 


W 


w. 


AL1>HEIML4—See  Magellania 
Wandering  cells,  102 
Wasps,  587 
Water-bugs,  585 
Water- flea,  522 
Water-pores,  375*,  393 
Water-tubes,  375*,  393 
Water- vascular  system,  222 
Whale-louse,  524 
Wheel-animalcules — See  Kotifera 
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WhelkH,  684 

White  substance  of  Schwann,  27* 

Winter  eggs,  551 

Wood-louse,  524 — See  Onisciis 


X 


X. 


^Viphomra,  612*,  617,  618,  619,  681, 
624,  629 


Y. 


Y 


ELLOW  Cells— See  Zooocanthtlla, 
Yellow  elastic  cartilage,  24* 


YMin,  646 

Yolk,  18* 

Yolk -glands,  222 


z 


Z 


\oxiKy  553* 
Zoantharia,  181*,  214 
Zwtuthns,  183,  184,  187,  188 
Zo<ecium,  314 

Zoo-geographical  Regions,  8 
Zooid,  38* 
Zoologj',  1* 
Zoophyte,  118* 
Zoofhamuiumy  88 
Zooxauthflh,  61 
Zygote,  70* 
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